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© A.bu mi n-fb« e d resin , process for its production, method of using it to remove noxious substances from solutions 
containing them, and its use In removing noxious substances from blood. 



@ The invention provides an aibumin-fixed resin compris- 
ing a crosslinked water-insoluble resin and albumin chemi- 
cally bound thereto, said water-insoluble resin being a 
crosslinked epoxy resin containing 1 to 30 milliequivalents of 
amino groups and 1 to 50 milliequivalents of hydroxyl 
groups per gram thereof, said albumin being bound ionically 
to the amino groups and by hydrogen bonding to the 
hydroxyl groups, and the amount of said albumin fixed being 
at least 25% by weight based on the epoxy resin. 

Also provided is a process for producing the albumin- 
^ fixed resin, which process comprises 
^ (1) (a) subjecting a polyepoxy compound containing at 
^ least two epoxy groups in the molecule, and a polyamine 
1^ compound containing at least two primary and/or secondary 
amino groups in the molecule to addition reaction in an inert 
g> medium to produce a fully crosslinked resin, or (b) subjecting 
said polyepoxy and polyamine compounds to addition 
QO reaction to produce an incompletely crosslinked pre- 
^ polymer, and then reacting the pre-polymer with at least one 
O organic polyisocyanate, organic polyisothiocyanate or orga- 
nic poly carboxy lie acid halide to crosslink the pre-polymer 
O fully, and 

(2) contacting the resulting crosslinked epoxy resin 
Um containing 1 to 30 milliequivalents of amino groups and 1 to 
LU 50 milliequivalents of hydroxyl groups per gram thereof 



intimately with an aqueous solution containing albymin, 
optionally after partially neutralizing the amind groups of the 
epoxy resin. 

The albumin-fixed resin is useful for removing noxious 
substances capable of binding to albumin, such as bilirubin, 
from the blood of a warm-blooded animal. 
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" ALBUMIN- FIXED RESIN PROrpec rv-m 

USING IT TO REMoS NoSwf LS? a JSc P ^ CTlON '^TOOD OF 
CONTAINING THEM, AND ITS U «;p tm d^S^ FW)M S0LU ™0NS 
FROM BLOOD" ' ITS USE IN MOVING NOXIOUS SUBSTANCES 

This inv ^tion relates to a water-insoluble" 

polymer having a large quantity of albumin bound thereto 
a process for its production, and its use for the removal 
of noxious substances in plasma. 
5 Substances which adsorb proteins such as albumin 

have been known, and include, for example, such inorganic 
substances as activated carbon, porous glass, 
silica gel, bentonite and hydroxy appatite (see, for 
example, A Tiselius, Arch. Biochem. & Biophys. , Vol 6 5 
10 page 1 32 (1956,), and such organic ^ ' ^ 

122, 1063 (1949)). These substances, however, have the 
-defect that they merely permit physical adsorption of 
proteins, and cannot lend to firm fixing of large ounntities 

15 of these proteins thereto partly because these proteins 

generally have a molecular weight of m0 re than ten thousand 

Substances capable of permitting chemical bind- 
ing of albumin thereto .are also known. For example, 
cyanogen bromide-activated agarose is known as a substance 

20 capable of fixing albumin thereto by a covalent bond, and 

a basic ion exchange resin, as a substance capable of fixing 
albumin thereto by an ionic bond. Furthermore, as a 
special substance, an albumin-fixed polysaccharide having 
albumin fixed thereto by a covalent bond is known. This 

25 substance is produced by oxidizing a polysaccharide such 
as cellulose or agarose with periodic acid, reactin- it 
witn the amino groups of albumin, and reducing the reaction 
product with sodium borohydride (ceo, for example, C J 
Sanderson et al. , Immunology, Vol. 20, page 1061 (1971)) 

30 These substances, however, have the defect that the number 
of sites to which albumin can be bonded is not sufficiently 
large, and their ability to fix a large quantity of 
albumin thereto firmly is low, and the method of producing 
such an albumin-bound substance is generally comulex A 

35 substance which has the ability to bind the largest amount 
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of albumin thereto can permit fixation of about 200 mg at 
most per gram of it in the dried state. 

It is an object of this invention to provide a 
crosslinked water-insoluble polymer having large amounts 
5 of amino groups and large amounts of hydroxyl groups, 
which can fix a large quantity of albumin firmly thereto. 

Another object of this invention is to provide a 
novel albumin-fixed resin comprising a crosslinked epoxy 
resin having large amounts of amino groups and hydroxy, 
10 groups and a large quantity of albumin firmly bound by 
ionic bonding to the amino groups of the resin and by 
hydrogen bonding to its hydroxyl groups. 

Still another object of this invention is to 
provide a process for producing the novel albumin-fixed 
15 resin. 

A further object of this invention is to provide 
a method for removing an albumin-binding noxious substance 
contained in the blood of a warm-blooded animal using the 
aforesaid novel albumin-fixed resin. 
20 other objects of this invention will become 

apparent from the following description. 

According to one aspect of this invention, these 
objects and advantages of this invention are achieved by 
an albumin-fixed resin comprising a crosslinked water- 
25 insoluble resin and albumin chemically bound thereto, said 
water-insoluble resin being a crosslinked epoxy resin 
containing about 1 to about 30 milli equivalents of amino 
groups and about 1 to about 50 milliequivalents of hydroxyl 
groups per gram of the resin, said albumin being bound 
30 ionically to the amino groups of the epoxy resin and by 
hydrogen bonding to its hydroxyl groups and being fixed 
in an amount of not more than about 2536 by weight based on 
the epoxy resin. 

Investigations of the present inventors have 
35 shown that a substance having only those sites which 
permit bonding of albumin by an ionic bond (e.g., the 
amino group) or a substance having only those sites 
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which permit bonding of albumin by hydrogen ^ r 
the hydros group) caQnot achi J SlS; e n^ e ;f' 
albumn, and that only a substance which have thLe 1 

*- sue .'t^rstr^^ ^ — 

io 1^ r* 7 c ~ -* a »~ s « is 

10 United epoiy resin has the advantage tw i 

equivalents, preferably about 2 to abom- *Y „ 
^au, preferably about 4 1^^^" ' 
of am . groups per gram of the resin and about 1 to about 
50 mi! ieo.uivalents, preferably about a to about 35 minT 

» lieouivalents, of hydros groups per gram of the 



25 



30 



35 



derived fro!' *° ^ »* «"»*,, 

derived from various animals including man. 

In the albumin-fixed resin of this invention 
albumin is f±y^d 4--u« - cuuun ' 
or tertial amB ° SrTOPS ' Usuall y secondary 

ill! h "7 7°° Er ° UPS ' ° f «*» through^ 

tain, „ lh albOTin - fixed °* this invention eon- 

^u " T fiXed State " » ™ * <* •* Last 

about 2* by weight, preferably about 2 5 to about 150% 

by weight, especially preferably about 50 to about 
by weight, based on the weight of the epo^y resin 
be Brori T ! =lbu«in-fi X ed resin of this invention can 
be produced by contacting the crosslink eposy resin 
intimately with an aoueous solution contain'o^b^n 
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The contacting is usually carried out preferably at about 
5 C to about 30°C. Through this contacting, chemical 
bonds, i.e. an ionic bond and hydrogen bond, form between 
the crosslinked epoxy resin and albumin. It is believed 
5 that by the amino groups of the crosslinked .epoxy resin, 
albumin is positioned at a specified site of the epoxy 
resin, and bonded through a hydrogen bond by the hydroxyl 
groups of the epoxy resin whereby albumin is firmly fixed 
to the epoxy resin. 

10 ^ io oic bond and hydrogen bond form very 

rapidly, but the formation of these bonds is affected by 
the form of the crosslinked epoxy resin, the efficiency 
of contacting, etc. Thus, in the case of dipping the 
crosslinked epoxy resin in an aqueous solution containing 

15 albumin, the contacting is carried out usually for about 
1 to 60 minutes. 

During the contacting, the concentration of the 
aqueous albumin solution is preferably about 0.5 to about 
5% by weight. 

20 Before contact with the aqueous albumin solution, 

the crosslinked epoxy resin may be contacted with an acid 
to neutralize the amino groups at least partly. Por 
this purpose, a- phosphate buffer having a pH of about 7, 
for example, may be used preferably. When the neutralized 
25 crosslinked epoxy resin is contacted with the aqueous 

solution of albumin, fluctuations in the pH of the aqueous 
solution after contacting are reduced. 

Contacting between the crosslinked epoxy resin 
and the aqueous albumin solution can be effected con- 
30 veniently by, for example, dipping the epoxy resin in 
the aqueous solution, or passing the aqueous solution 
through a column packed with the epoxy resin. As a special 
method, this can also be performed by passing the aqueous 
solution through a tube or a slender tube having a dimen- 
35 sion corresponding to a hollow filament, at least the 
surface of which is made of the crosslinked epoxy resin 
by such means as coating. A s described hereinbelow, the 
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crosslinked epoxy resin used in this invention can be 
easily produced as fine particles, and therefore, the 
aforesaid contacting operation can be advantageously per- 
formed by the aforesaid dipping method or column method 
5 using such fine particles of the resin. The fine particles 
of the crosslinked epoxy resin have an average diameter 
of usually about 0.1 to about 2 mm, preferably about 0.5 
to about 1.5 mm. 

The albumin-fixed resin of this invention can be 
10 favorably used for removing an albumin-binding noxious 
substance contained in the blood. 

According to this invention, the crosslinked 
epoxy resin used in this invention can be produced by 

(a) subjecting a polyepoxy compound having at 
15 least two epoxy groups in the molecule and a polyamide 

v compound having at least two primary and/or secondary 
amino groups in the molecule to addition reaction in an 
inert medium to form a fully crosslinked resin, or 

(b) subjecting these compounds to addition re- 
20 action in an inert medium to form an insufficiently cross- 
linked pre-polymer, and reacting the resulting pre-polymer 
with at least one compound selected from the group con- 
sisting of organic polyisocyanates, organic polyisothio- 
cyanates and organic polycarboxylic acid halides, to 

25 crosslink it fully. 

Compounds having two or three epoxy groups in 
the molecule, such as di- or tri-gl yc idyl ethers, are' 
preferably used as the polyepoxy compound having at least 
two epoxy groups in the molecule. Polyglycidyl ethers haw.;.\ 
30 ing up to 6 epoxy groups in the molecules, such as sorbitol 
polyglycidyl ether, can also be used. 

Especially preferred diglycidyl ethers include 
a compound of the following formula 

CH^HCH^Hg-^CHgCJ-C^ <J G E-l) 
0 0 

wherein n is a number of 2 to 10, 
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(GB-2) 



wherein m is a number of 2 to 10, 
glycerol diglycidyl ether, bisphenol A diglycidyl ether, 



ether and mixtures of these compounds* 

Specific examples of the compounds of formula 
(GE-1) are ethylene glycol, diglycidyl ether, trimethylene 
glycol diglycidyl ether, tetramethylene glycol diglycidyl 

► ether, hexamethylene diglycidyl ether, and desamethylene 
diglycidyl ether,, 

Examples of the compound of formula (GE-2) are 
di ethylene glycol diglycidyl ether and other polyethylene 
. glycol diglycidyl ethers in which m is up to 10a 

Examples of the triglycidyl ethers are glycerol 
triglycidyl ether, 1,1,1-trimethylolpropane triglycidyl 
ether, phloroglucinol triglycidyl ether, triglycidyl 
isocyanurate and mixtures of these compounds. 

The polyamine compound used in this invention 
is a compound containing at least two primary and/ or 
secondary amino groups in the molecule, and optionally 
having a tertiary amino group in addition to the above 
amino groups. 

Examples of preferred polyamine compounds are 

> aliphatic, alicyclic and aromatic diamines having no ' 
tertiary amino group in the molecule, and polyalkylene- 
poly amines of the following formula 



wherein E and fi are identical or different 
and each represents a hydrogen atom or an 
alkyl, alkenyl, hydroxyalkyl, aryl or aralkyl 
group, Bp represents a hydrogen atom or a beta- 
amino ethyl group, p is a number of 2 to 10, 



5 



hydroquinone diglycidyl ether, resorcinol diglycidyl 




R 1 — OTfCH 2 CH 2 N^-B 2 

-_t - ~ r>l ™j t>2 



(PA-l) 
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provided that two or more gr0l q )Sf independ _ 
ently from each other, may be hydrogen atoms or 
beta-aminoethyl groups, 

which may have a tertiary amino group. 
5 Examples of preferred aliphatic diamines are 

compounds of the following formula 

CBU2) 

wherein q is an integer of 2 to 10, 
such as ethyl enediamine, trimethylenediamine, tetramethylene- 
10 diamine, hexamethylenedi amine and decamethylenediamine, 
and diamines of the formula 



(PA- 3) 



'such as p-xylylenediaaine and m-xylyl en edi amine. 

Examples of preferred alicyclic diamines are 
15 piperazine, 2,5-dimethylpiperazine and diaminocyclohexanes 
of the following formula 

such as 1,4-diaminocyclohexane and 1, 3-diaminocyclohexane. 
Examples of preferred aromatic diamines are 
20 diaminobenzenes of the following formula 



NH 2 

(PA-5) 



such as 1,4-diaminobenzene and 1,3-diaminobenzene and di- 
aminobisphenylene compounds of the following formula 

V-^2f <3-KH 2 (pa_6) 

25 wherein X represents a bond, a methylene group, 

a dimethylmethylene group, or an oxygen atom, 
such as 4,4'-diaininodiphenylene, 3,4'-diaminodiphenylene, 
3,3'-diaminodiphenylene, 2,4 l -diaminodiphenylene, 4,4'- 
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diaminodiphenylmethane , 2, 2-bis(p-aminophenyl )propane 
and 4-, V-diaminodi phenyl ether. 

A S regards R 1 and E 2 in formula (PA-l) represent- 
ing the polyalkylenepolyamine, the alteyl group is prefer- 
5 ably an alkyl group having 1 to 3 carbon atoms such as 
methyl, ethyl and propyl; the alkenyl group is preferably 
an alkenyl group having 2 or 3 carbon atoms, such as vinyl, 
propenyl or isopropenyl; the hydroxyalkyl group is prefer- 
ably a hydroxyalkyl group having 1 to 3 carbon atoms, 

10 such as hydroxymethyl, hydroxyethyl or hydroxypropyl ; 
the aryl group is preferably phenyl, tolyl or naphthyl; 
and the aralkyl group is preferably benzyl or beta-phenethyl. 

Examples of the polyalkylene polyamine in which 
E and S are hydrogen atoms are compounds of the follows 

15 ing formulae 



H 2 NCH 2 CH 2 -N-CH 2 CH 2 NH 2 



CE^CH 



"2 



(one is beta-aminoethyl, and the other E^ 
groups are hydrogen atoms, p=2) 

H 2 NCH 2 CH 2 -]m-CH 2 CH 2 .]jr-CH 2 CH 2 KH 2 

CE2CH2NH2 

20 (two E^ groups are hydrogen atoms, one E^ is 

beta- amino ethyl, p=3) 

CH 2 CH 2 3ffi 2 GHgGHgH^ 

(one E^ is hydrogen atom, two E^ groups are 
beta- ami no ethyl groups, p=3) 

25 Prom these exemplified compounds, those skilled 

in the art will be able to understand easily specific 
examples of compounds of formula (PA-1) in which B 1 and 
E are other than hydrogen atoms« 

The polyepoxy compound and the polyamine compound 



10 



15 
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are reacted in an inert medium, if desired in the presence 
of a surface-active agent, to give a fully crosslink 
water-soluble epoxy resin. ssimfced 

According to another embodiment of this invention 
the polyepoxy compound and P olyamine compound are react ed 
» an mert medium, if desired in the presence of a 

lt tT~ ? ^ ^ ^ *• then reacted 

with at least one compound selected from the group con- 

clZZ r SaDiC POlyiSO£ ~*> organic poly iso thio- 
cyanates and organic polycarboxylic acid halides to give 
a fully crosslink water-insoluble epxj res i n . 

™w ,»• lD ^ reaCt±0n ° f the P ol W°*y impound and 
polyamine compound, the epoxy groups of the polyepoxy 

compound add to the primary anchor secondary amino glups 

.of the polyamine compound as schematically shown below. 

a 

0 




20 



25 



50 



In order to produce a fully crosslinked epoxy 
ream by the reaction of the polyene compound and the 
polyepoxy compound, it is necessary to adjust properly ' 
the proportions of these compounds, i.e. the equivalents 
of the eposy groups and the amino groups, the reaction 
time, etc. It has been observed that even when either 
one of the starting materials is used in excess in a 
proportion stoichiometrically permitting full crosslink- 
's, it is most important to perform the reaction at a 
temperature exceeding about 30°C. 

Thus, according to the first embodiment (a) 
the reaction of the polyepoxy compound with the polyline 
compound is carried out at a temperature of generally 
about 20 C to about 100°C, preferably about 30 to about 
A> ^. In the second embodiment (b), the reaction is 
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carried out at a temperature of generally about -30°C 
to about 40°C, preferably about 20 to about 30°C. 

The proportions of the starting materials in 
the first embodiment are such that the amount of the epoxy 
5 groups of the epoxy compound is 0.8 to 2.0 equivalents, 
especially preferably 1.05 to 1.5 equivalents, per equi- 
valent of the primary and/or secondary amino groups of 
the polyamine compound. 

The same proportions of the starting materials 
10 may be used in the second embodiment. But preferably, 
the proportions of the starting materials in the second 
embodiment is such that the amount of the epoxy groups 
of the epoxy compound is generally 0.5 to 2.0 equivalents, 
especially 0.8 to 1.5 equivalents, per equivalent of the 
15 primary and/ or secondary amino groups of the poly amino 
V compound. 

The reaction of the polyepoxy compound with the 
•Dolyamine compound is carried out in an inert medium. 
When required (for example, when water is used as the 

20 medium but the two starting materials do not have suf- 
ficient solubility in water and it is desirable to increase 
their solubility), a water-soluble organic medium such as 
tetrahydrofuran and dioxane may be added to the reaction 
system in order to perform the reaction smoothly. The 

25 reaction of the polyepoxy compound and the polyamine 
compound may be performed in solution, suspension or - 
emulsion. 

In the first embodiment, the reaction of the 
polyepoxy compound with the polyamine compound may prefer- 

30 ably be carried out in the following manner. 

Predetermined amounts of the polyepoxy compound 
and the polyamine compound are dissolved in a water- 
insoluble or sparingly water-soluble inert organic medium, 
and reacted at a temperature of preferably not more than 

35 about 30°0 until the reaction mixture substantially re- 
mains a uniform solution. Then, the solution is suspended 
in water, and reacted further preferably at a temperature 
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of at least about 30°C to produce a water-insoluble, fully 
crosslinked, spherical epoxy resin. 

# Examples of preferred water-insoluble or s P ar- 

5 Ztl Wa h ter_SOlUble iDert °^ ic include aromatic 

rrrr such as benzeQei toiuene «* 

genated hydrocarbons such as chlorobenzene, methylene 
chlonde, chloroform, dichloroethane, trichloroethane 
and tnchloroethylene, aliphatic hydrocarbons such as 

10 these'' hePtaDe ' ° CtaDe ^ CyCl ° hexaDe ' «* -i^es of 

To perforin the suspending operation stably, there 
xs preferably used a suspension stabiliser such as bento 
nite, polyacrylic acid, pectin, polyvinyl alcohol, selatin 
talc, barium sulfate and calcium carbonate. In order to 
15 perform the suspending operation smoothly, the specific 
gravity of the dispersion medium i s desirably increased 
by dissolving a water-soluble inorganic salt such as 
sodium chloride, sodium phosphate or sodium sulfate in 
water. 

20 In another manner, predetermined amounts of the 

polyepoxy compound and the polyamine compound are dis- 
solved m an aqueous medium, and reacted at a temperature 
of preferably not more than about 3 0°C until the reaction 
mixture substantially remains a uniform solution. Then, 

25 the solution is suspended in a water-insoluble or sparingly 
water-soluble inert organic medium, and further reacted 
at a temperature of preferably at least about 30°C to' 
produce a water-insoluble, spherical, fvlly crosslinked 
epoxy resin. 

30 Examples of the water-insoluble or sparingly 

water-soluble inert organic media may be the same as those 
given hereinabove. 

To perform the suspending operation stably, there 
is preferably used a dispersing agent, for example a 
35 lower alkyl cellulose such as methyl cellulose, ethyl 
cellulose or butyl cellulose. Preferably an organic 
aonocarboxylic acid having at least 5 carbon atoms is 
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preferably used as a dispersing aid. Examples of the 
organic monocarboxylic acid are aliphatic monocarboxylic 
aczds such as caproic acid, caprylic acid, myristic acid, 
palmitic acid, stearic acid and oleic acid, and aromatic 
5 monocarboxylic acids such as benzoic acid and toluic 
acid. 

When the dispersing aid is used, there are 
obtained spherical particles of a crosslinks epoxy resin 
on the surface of which large quantities of the secondary 

10 and/or tertiary amino groups are distributed. It is 
believed that the dispersing aid forms a salt with the 
amino groups used in of the polyamine compound used, 
and at this time the hydrophobic portion of the dis- 
persing aid is directed toward the inert organic medium 

15 as a dispersing medium, thereby giving spherical particles 
having a large Quantity of the amino groups distributed 
on their surface. 

Treatment of the resulting spherical particles 
with an aqueous solution of an alkali such as sodium 

20 hydroxide leads to a product having free amino groups by 
releasing the organic carboxylic acid. 

In any of the aforesaid preferred modes in the 
first embodiment, it is generally desirable to use the 
polyepoxy compound in an amount exceeding the equivalent 

25 of the polyamine compound. These compounds are used in 
a total amount of about 2 to about 80% by weight, pre- 
ferably about 5 to about 60% by weight, especially ' 
preferably about 10 to about 50% by weight, in the 
solution. 

30 The substantially uniform solution obtained by 

reacting this solution can be suspended in the dispersing 
medium in a solution- to-medium volume ratio of from 1:2 
to 1:100, preferably from 1:2.5 to 1:50, especially 
preferably from 1:J to 1:10. 

55 ^ spherical particles of the crosslinked 

epoxy resin obtained have sizes varying depending upon 
the ratio of the solution to the dispersion medium. 
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30 



35 



5 about 1. 5 an. es *«^7 Preferably about 0.5 to 

reaction J" enboaine " Ascribed above, the 

0 described above at/l" t re8 ° ti0a ^ " s 

50°C. The reI ultiB ! ^"f" ° f Preferably below about 

> Organic diisocyanates are preferred * c ^ 

Polyisocyanate. Examples are h,™ f f ° rganiC 
lysine diisocvanate h., heXanetl ^ le °e diisocyanate, 

cyanate ill l ^««ated diphenyln ethane diiso- 

-socyanate, ^^^^^7 
cyanate, and toli dine diisocyanate ^ 
Organic diisothiocyanates are preferred as «,„ 

pecially o rsanic dicarboxylic * C1<ls - «- 

oreanie rt< „„ ,. . Exanples or the 

organic dl - or tri-carboxylic acids include aliphatic 

dl0arb0Xyl " - oxalic acid, nalollcld 

succinic acid, S lutaric acid, adipic acid, azelaicld 

acid T ^ traSSyliC a0 "' ^arboxyl 
ac ds such as phthalic acid, isophthalic acid andtrl 

TlTllT'T such as 

triaelUtic acid and trinesic acid. Chlorides of these 
organic carboxylic acids are used preferably. 
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Mlvv . , lD reaCtl0D wth the pre-polymer, such a 
polyvalent compound acts as a crosslinks agent for the 
pre-polymer to give a crosslink epox y resin 

5 in ^V"" " ±nSV£ficiQ ^ crosslinked", as used 

5 m the present application means that the resulting 

product still has crosslink reactive functional groups 
i.e amino and epoxy groups, and the reaction can still ' 
be effected between these reactive functional groups, or 
the product no longer has a reactive functional group 
10 but cannot be used as a water- insoluble poller. Accord- 
ingly, the insufficiently crosslink pre-polymer includes 
not only a substantially linear poller having a relatively 
low molecular weight, but also a polymer which is cross- 
linked but not to such an extent as to become substantially 
15 water-insoluble. 

The reaction of the pre-polymer can be performed, 
for example, by molding the pre-polymer into such a shape 
as a film or fibers and then treating the molded- article 
with the crosslinking agent or a solution of it in an 
20 aprotic inert organic solvent; or by adding the crosslink- 
mg agent to a solution of the prepared pre-polymer in 
water or an inert organic solvent. 

In the latter case, when the solution of the 
pre-polymer is an aqueous solution, it is possible to 
dissolve the crosslinks agent in an aprotic inert organic 
medium such as methylene chloride, chloroform, cyclo- 
hexane, toluene or xylene, and add the solution to the 
solution of the pre-polymer to perform the reaction 
According to this method, the crosslinked epoxy resin can 
be obtained as spherical particles. 

In the latter case, when the solution of the 
pre-polymer i s a solution of an inert organic solvent, 
xt is possible to add the crosslinks agent directly to 
the solution of the pre- P olymer or add it after dissolv- 
» ing it in an aprotic inert organic solvent. 

The reaction of the pre-polymer with the cross- 
linking agent is carried out at about -30°C to about 



25 



30 
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100°C, preferably about 20 to about *)°C «, 
«» is about 5 ainutes to about W^J* 
crosslink agent is used as a solution in 
organic solvent, tie concentration of 1 T " 

5 agent is preferably 0.0 5 to »T^*T 

arter-treal:: ^tr" " ^ * *- 

M l. Hm „. " re '" nTed > and then contacted with a 

t 21 Z T" a in 016 DaMer described 

10 invasion »*» *» accordance with this 

SOlidific eXaDPle ' reSl!1 0btaiDe<i ^ * Of 

TsTZlT the reaction aixtme is *° 

as rtol!/ 1 "' ^ (USUaUj lith and 
« particles in the reaction systes is separated by fil- 
tration, centrifugal separation, etc., „ a Led, dri^d 
and as required, sieved. ' 

of thi, i Th \ albUEdn - fixed "sin provided by the process 

25 that the- 11611:0X111 aDd sal ^lic acid. It is ^ 
25 that these noxious substances are difficult to remove 
effects by adsorption on activated carbon, d^i s , 

Accordingly, in anotheT 

invention provides a method for removing „« • 

30 <=-f- a r,„~ removing noxious sub- 

stances capable of bf>Tno- hn^^ , 

„ .... lng bonded to albumin from a solution 

tacttri 8 comprise o . 

« 8 ^ albu.m-fi.ed resin of this invention inti- 
mately vath a solution containing albuain-binding noxious 

3 5 Intr 65 COntaiDBd iD *• bl °- « * 

The solution containing albunin-binding noxious 
substances „ay, for exaaple, be biood, p laeM separTd 
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from the blood, a dilution of the blood or plasma with a 
blood isotonic solution such as physiological saline. 

Accordingly, the present invention also provides 
a method for removing an albumin-binding noxious" sub- 
5 stance from the blood of a warm-blooded animal, which com- 
prises extracorporeally drawing the blood of a warm- 
blooded animal from which it is desired to remove an 
albumin-binding noxious substance contained therein, con- 
tacting the albumin-fixed resin of this invention inti- 

10 mately with the blood, the plasma separated therefrom, 

or a dilution of the blood or plasma with a blood isotonic 
solution, and thereafter returning the blood, plasma or 
the dilution thereof from which the albumin-binding 
noxious substances have been removed to the body of the 

15 animal . 

The method of this invention is especially 
advantageously applied to the removal of bilirubin from 
the blood of a patient with hepatic failure, etc. In 
hepatic failure, toxins increase in the blood of the 
patient and in a serious case, induce hepatic coma. The 
cause of hepatic coma has not been completely elucidated, 
but is believed to be due partly to the presence of 
bilirubin in the blood. 

Since the albumin-fixed resin of this invention 
25. bas a large qnantity of albumin, a component of blood, 
bonded thereto, it has excellent compatibility with the 
blood and is well antithrombotic. Because of these pro- 
perties, the albumin-fixed resin of this invention is also 
useful as a fabricated article for artificial organs such 
30 as artificial kidneys, an antithrombotic coating material 
for catheters, etc. 

As stated hereinabove, when the crosslinked 
epoxy resin provided by this invention is contacted with 
a solution containing albumin such as blood or plasma, 
35 the albumin-fixed resin of this invention results. Accord- 
ingly, it is readily appreciated that when the crosslinked 
epoxy resin is contacted with blood, etc. containing an 
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albumin-binding noxious substance, the albumin-fixed resin 
of this invention forms and acts to remove the noxious 
substance. This embodiment is preferred and included within 
the scope of this invention. 

» 3 . ^ following Examples illustrate the present 

invention more specifically. 

All percentages in these Examples are by weight. 
The concentration of albumin in its aqueous 
solution is determined from the absorbance of the aqueous 
solution at 280 nm in its ultraviolet absorption spectrum. 

Throughout the present application, the equi- 
valents of amino groups and hydroxyl groups are measured 
in the following manner. 

About 1 g of a dried fine powder having a size 
15 of about 0.01 to about 0.1 mm as a sample is precisely 
weighed, and put into about 100 ml of distilled water 
Then, 0.05N hydrochloric acid is added dropwise at room 
temperature with stirring using phenolphthalein as an in- 
dicator. The equivalent of amino groups in the sample 
20 is determined from the amount of the hydrochloric acid 
consumed. 

About 1 g of a dried fine powder having a size 
of about 0.01 to about 0.1 mm is precisely weighed and 
dispersed in 100 ml of dehydrated toluene. About 3.0 g 

25 of precisely weighed acetic anhydride is added, and the 
mixture is reacted at 40°C for 1 hour with stirring. The 
reaction mixture is cooled, and the polymer is separated 
by filtration. The polymer is washed with 50 ml of de- 
hydrated toluene, and the filtrate and the washing are 

30 combined. The mixture is then titrated with 0.05N alcoholic 
sodium hydroxide solution to a neutralization point. The 
total equivalent of amino groups and hydroxyl groups in 
the fine powder is calculated from the amount titrated 
with the alcoholic sodium hydroxide solution, and the 

35 equivalent of the hydroxyl groups is obtained by subtract- 
ing the equivalent of the amino groups from the total 
equivalent. 
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The concentration of bilirubin in plasma is 
determined by the Evelyn-Malloy method (see J. Biol. Chem. 

119 , 480 (1937)). 
Example 1 

5 (1) A 500 ml. three-necked separable flask equipped 

with a stirrer and a thermometer was charged with 5«2 g 
(0.05 mole) of diethyl en etriamine and 50 ml of distilled 
water, and while the contents of the flask were stirred 
at 25°C, 25 ml of a tetrahydrofuran solution containing 

10 12.1 g (0.06 mole) of 1,4-butanediol diglycidyl ether was 
gradually added dropwise. The mixture was stirred at this 
temperature for 1 hour, and when the viscosity of the 
mixture rose, the stirrer was detached from the flask. 
When the reaction mixture was allowed to stand for 2 

15 hours, it completely solidified to a gel. The gel was 

pulverized, well washed with water and then dried to afford 
17.0 g of a polymer. 

The resulting dried polymer contained about 90% 
by weight of particles having a particle diameter of about 

20 0.5 to about 1.0 mm and had an average particle diameter 
of about 0.7 mm. The polymer contained about 8.0 milli- 
equivalents of amino groups and about 6.5 milli equivalents 
of hydroxyl groups per gram thereof. 

(2) A portion (2.0 g) of the polymer obtained in 

25 (1) above was taken into a 300 ml flask equipped with a 
stirrer, and 300 ml of a 1.0% aqueous solution of bovine 
serum albumin was added. The mixture was stirred for 
1 hour, and filtered to afford a polymer having albumin 
bound thereto. The albumin content of the filtrate was 
30 measured, and the amount of albumin reacted with the 
polymer was calculated. It was found that 0.32 g of 
albumin was bonded per gram of the base polymer. 

Ega m-nle 2 

The procedure of Example 1, (1) was repeated 
35 except that 3.48 g (0.03 mole) of hexamethylenedi amine 
and 2.06 g (0.02 mole) of diethyl enetriamine were used 
instead of 5.2 g of diethylenetriamine. There was 
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obtained 17.5 g of a water-insoluble poller The .olvn 
was pulverised and dried . Thg P ^ ^ 

particle dimeter or 0.7 », and contained abou ^ Hi 

5 of bydroxyl groups per gram thereof. talents 

in th. ^ P0l7mer PartiCl6S W6re reacted ^th albumin 
m the same way as in Example If?) i> « n 

S of albumin was bonded per er am o-r +v,^ ^ 
Example 3 P ^ f the P 01 ^^. 

!0 CD In the sane way as in Example 2, 3.48 * (0 0^5 

« e) of hexamethylenedia.ine and 2.06 B (0.02 
^ethylenetrxamne were reacted with 1,4-butanediol di- 
Slycxdyl ether. There was obtained 1 7 . 2 g of a ^ 
xnso uble polymer. The poller was then pulverized Ld 

15 dried to afford pol^r particles having an average 
particle diameter of about 0.733. 

150 ml of a 0.6% toluene solution of 4,4'-diphenylmethane 
diisocyanate, and the fixture was stirred at 2 5 °C for 
1 hour. After the reaction, the resulting poller was 
separated by filtration, well washed with methanol, aDd 
dried to afford 3.8 g of the poller. 

The resulting dried polymer particles had an 

a a bout^ r^ 16 diSmeter ° f ab ° Ut °' ? »• 3Qd ™^ 
about 6.2 milliequivalents of amino groups and about 6 4 

^equivalents of hydroxyl groups per gram thereof. ' 
f P«tio n (1.2 g) of the polymer obtained in ' 

U) above was packed into a column having a diameter of 
5 mm and a length of 60 ^ and 

C1.5 Uters) of bovine serum albmin was passed through 
the column at a flow rate of 1 ml/min. The concentration 
of albumin m the effluent from the column was measured 
periodically. The concentration of albumin was 2 ero until 
the amount of the effluent reached 0.5 liter. Thereafter, 
35 the concentration of albumin in the effluent gradually 
increased, and 1.5 liters of the effluent was required 
until the concentration of albumin in it reached 0.1% 
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The amount of albumin bonded to the polymer was found to 
be 0.83 g per gram of the polymer. 
Example 4 

(1) A 500 ml three-necked flask equipped with a 

5 stirrer and a thermometer was charged with 1.6 g (0.014 
mole) of hexamethylenediamine, 0.48 g (0.0047 mole) of 
diethylenetriamine and 20 ml of distilled water, and with 
stirring at 25°C, 4.68 g (0.024 mole) of glycerol di- 
glycidyl ether was gradually added. The mixture was 
10 stirred at this temperature for 30 minutes, and then 

300 ml of a 0.6% toluene solution of 4,4'-diphenylmethane 
diisocyanate and 20 mg of polyoxy ethylene sorbitan mono- 
palmitate as a surfactant were added. The mixture was 
vigorously stirred for 1 hour at 25°C After the reaction, 
15 the resulting particulate polymer- was separated by fil- 
tration, washed well with methanol, and dried to afford 
8.5 6 of a water- insoluble polymer. 

The resulting polymer had an average particle 
diameter of about 0.5 ma, and contained about 5.8 milli- 
20 equivalents of amino groups and about 0.5 milliequivalent 
of hydroxyl groups per gram of thereof. 
(2)- A portion (1.0 g) of the polymer obtained in 

(1) above was dipped in a phosphate buffer having a pH 
of 7.4 to neutralize the amino groups in it, and packed 
25 into a column having a diameter of 15 mm and a length of 
60 mm. Then, 1.8 liters of a 0.1% aqueous solution of 
human serum albumin was passed through the column' at a 
flow rate of 1 ml/min. The concentration of albumin in 
the effluent from the column was periodically measured. 
30 The concentration of albumin was zero until the amount 
of the effluent reached 1 liter. When 1.6 liters of the 
effluent was collected, the concentration of albumin was 
0.01%. Until the concentration of albumin in the effluent 
reached 0.1%, 1.8 liters of the effluent was required. 
35 Based on this result, the amount of albumin bonded to 
the polymer was calculated. It was found that 1.6 g 
of albumin was bonded per gram of the polymer. 
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except that 2 ZTiT °* M% (l) WaS 
oHt 11 ^ t0lyl6ne diis0C ^-^ was used instead 

O g of particles oi a water-insoluble polymer. 

The polymer particles had an averas-e Lr+<„, 

^tojyl groups per gram of the polymer. 

a .bo „ / r rti ° D 8) ° f 016 I»w'w«b dipped iD 

a Phosphate buffer having a pH of 7.4 to neutralise 
«» groups in it . Tien , the polymer „ as ^ 
mtratxon, and dipped in 200 ml of a l.« a,ueous solution 

L ZZ "~" albUain ' " d ™ «* *5°C for 1 hoi 
a. poller was separated by filtration, and the amount 
of alburn remaining in the aoueous solution was mealed 

It was found that i o/i „. ^ . ^easurecu 

of the poller * ^ ~ ^ «™ 

Exam-pie 

exoeot tha^ Pr0 °; tee ° f BCa " pU ** (1) " as re I> eat <* 
of 4 ° e is ° thi °^nate — <«d instead 

8 5 i of rT metiane »«. was obtained 

°° S of a water-insoluble polymer. 

The resulting polymer had an average partiole 
dxameter of about 0. 5 mm, m d 00nteined ^ P £ 

e^valents of amino groups and about 9.1 milli e ,uival nts 
of hydro^l groups per gram of the polymer. 9mTaleats 

with „ * P ° rti0 ° Cl '° S> ° f the "»< heated 

with a phosphate buffer in the same way as in Sample 5 , 

a bumt; D iI e ;r ed M a ^ e0US a0lUti0n * "»» 

alburn « the same way as in Example 5 to afford a 

Example p 

ItL.. t ^ ml three - neCked fl «* quipped with a 

starrer and a thermometer was charged with 1.6 S (0.01S 

-oi.) of hexamethylenediamine, 0.6 9 S (0.004 7 mole) of 
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tri ethyl enetetramine and 20 ml of distilled water. With 
stirring at 25°C, 4.68 g (0.024 mole) of glycerol .di- 
glycidyl ether was gradually added. The mixture was stirred 
for 30 minutes at this temperature. Then, 300 ml of a 
5 0.6% toluene solution of isophthaloyl di chloride and 
20 mg of polyoxyethylene sorbitan monopalmitate as a 
surfactant were added, and the mixture was vigorously 
stirred for 3 hours at 25°C After the reaction, the 
resulting particulate polymer was collected by filtration, 
10 dipped in a 0.1N aqueous solution of sodium hydroxide, 

washed successively with methanol and distilled water, and 
then dried to afford 6.9 g of a water-insolubla polymer as 
particles. 

The polymer particles obtained had an average 
15 particle diameter of 0.5 mm, and contained about 6.2 milli- 
equivalents of amino groups and about 9.8 milliequivalents 
of hydroxyl groups per gram thereof. 

(2) A portion (1.0 g) of the resulting polymer was 

treated with a phosphate buffer in the same way as in 
20 Example 5, and then reacted with an aqueous solution of 
bovine serum albumin. There was obtained a polymer having 
0.82 g of albumin bonded per gram thereof. 
Exam-pie 8 

The procedure of Example 7 was repeated except 
25 that 0.48 g (0.0047 mole) of di ethyl enetriamine was used 

instead of 0.69 g of tri ethyl enetetramine, and terephthaloyl 
dichloride was used instead of the isophthaloyl dichloride. 
There was obtained 6.1 g of a water-insoluble polymer as 
particles. 

30 The polymer particles had an average particle 

diameter of 0.5 mm, and contained 5.8 milliequivalents of 
amino groups and 9.6 milliequivalents of hydroxyl groups 
per gram thereof. 

A portion (1.0 g) of the polymer was treated 

55 with a phosphate buffer in the same way as in Example 5, 
and then reacted with an aqueous solution of a bovine serum 
albumin to afford a polymer having 0.80 g of albumin bonded 



15 



20 



25 



30 



55 



0028937 

- 23 - 

thereto per gram of the polymer. 
Example Q 

<1) A 500 ml three-necked flast e,uip Ped ^ th a 

starrer and a thermometer was charged with T, Tr. 

« triethyienetetramine, 2.4 7 X "1 ^ 

Slycidyl isocyanurate and 40 ml of distill./ I 
they w ere stirred at ^ for JJ" ^ wat errand 

T^T: ^' l -* 6 ( °-°° 83 «*•> « sorhi^i p ^f™ 

I 1 "** 0 ' - « surractant were 

added The m^ „ as stirred 

to afford 12.3 g of a water-insoluble polymer 

diameter oTo " "«"«■ 

diameter or 0. 5 mm, and contained 5.5 mllieguivalents of 

amno groups and 2.0 silliequivaients of hydro^l Z UB s 
per gran thereof. ^ ^ groups 

l 2 th * , A !° rti0n Cl "° S) ° f the P ° lymer was heated 
-th a phosphate buffer . n ^ s£me ^ £s 

and then reacted with an aqueous solution of bovine seL 

bonded thereto, per gram of the polymer. 
Example in 

(1) A 300 ml three-necked separable flask equipped 

wath a starrer and a thermometer was charged with 3 .2 g 
(0.028 mole) of hexamethylenedi amine, 0. 9 6 g ( 0 .00 9 4 mole) 
of dxethylenetriamine and 40 ml of distilled water, and 
wxth etxrnng at 25°C, 9 . 3 6 g (0.046 mole) of g ly Cero i 
diglycidyl ether was gradually added. The mixture was 
stirred for 20 minutes at this temperature, and then 
300 ml of a 0.6% toluene solution of 4,4'-diphenylmethane 
^socyanate and 20 mg of poly oxy ethylene sorbitl mono 
palmxtate as a surfactant were added. The mixture was 



_24- 002893; 
stirred for 1 hour at 25°C. After the reaction, the 
polymer particles were separated by filtration, well washed 
with methanol, and dried to afford 13.0 g of a water- 
insoluble polymer as particles. 
5 The polymer particles had an average particle 

diameter of 0.5 mm, and contained 12.0 milliequivalents of 
amino groups and 19. 5 milliequivalents of hydroxyl groups 
per gram thereof. 

(2) A portion (1.0 g) of the polymer was dipped in 
10 a phosphate buffer having a pH of 7.4, filtered, washed, 

and then dipped' in 100 ml of an aqueous solution of plasma 
albumin in a concentration of 1.0 g/dl. The solution was 
slowly stirred to bond albumin to the polymer. It was 
found that 1 g of albumin was bonded per gram of the 
15 polymer. 

(3) The albuain-bonded polymer was packed into a column 
having a diameter of 15 mm and a length of 60 mm, and 100 

ml of plasma containing bilirubin in a concentration of 
11.5 mg/dl was passed circulatingly through the column at 
20 a flow rate of 2 ml/min. for 6 hours. The total concen- 
tration of bilirubin in the plasma decreased to 4.5 mg/dl. 
Example 11 

The polymer particles (1.0 g) produced by the 
method of Example 10, (l) was dipped in a phosphate buffer 

25 having a pH of 7.4, and packed into a column. Then, 100 ml 
of plasma containing bilirubin in a total concentration 
of 11.5 mg/dl was passed through the column circulatingly 
for 6 hours at a rate of 2 ml/min. After circulation, 
the concentration of bilirubin in the plasma decreased 

30 to 6.5 mg/dl. 
Example 12 

(1) A 300 ml three-necked separable flask equipped 

with a stirrer and a thermometer was charged with 2.9 g 7 
(0.025 mole) of hexamethylenediamine, 1.9 g (0.005 mole) 
35 of bisphenol A diglycidyl ether and 4.04 g (0.02 mole) 
of glycerol diglycidyl ether. They were reacted in a 
solvent composed of 8 ml of chloroform and 4 ml of 
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cyclohexane at 3 0°C for 6 hours with stirring. Then 
1.0 g of triglycidyl isocyanurate was added, and loo'ml 
of water containing 10 g of sodium chloride and 0.5 g 
of bentonite as a dispersant was added to suspend and 
dxsperse the polymer solution. The reaction temperature 
was raised to 40°C, and the reaction was performed at 
this temperature for 1 hour with stirring to afford 8.5 B 
of a water-insoluble polymer in spherical particles. 

The polymer particles obtained after washing 
and drying had an average particle diameter of 0 ? mm 
and contained 5.5 milliequivalents of amino groups and 
7.5 milliequivalents of ny^^y! per ^ 

1.0 g of the polymer was dipped in a phosphate 
buff er having a pH of 7. 4, and then packed into a column. 
15 Then, 100 ml of P l aS ma containing bilirubin in a total 
concentration of 10.8 mg/dl was circulatingly passed 
through the column at a rate of 2 ml/min. for 8 hours 
The total concentration of bilirubin in the plasma de- 
creased to 6.7 mg/dl. 
20 Example 13 

A three-necked flask 300 ml equipped with a 
stirrer and a thermometer was charged with 3.2 g (0.028 
mole) of hexamethylenediamine, 0.96 g (0.0094 mole) of 
diethyl enetriamine and 40 ml of water, and 9.36 g (0 046 
mole) of glycerol diglycidyl ether was added with stirring 
The mixture was stirred at this temperature for 20 
minutes. When the viscosity of the mixture rose,- 2.0 g ' 
of benzoic acid and 160 ml of toluene containing 0.1 g 
of ethyl cellulose as a dispersant were added. The mixture 
was stirred to suspend and disperse the polymer solution. 
Then^the temperature of the polymer solution was raised 
to 40 C, and the reaction was performed for 1 hour to 
afford 13.0 g of spherical particles of water-insoluble 
polymer. 

The insoluble polymer particles had an average 
particle diameter of 0.7 am, and contained 12.3 milli- 
equivalents of amino groups and 20.0 milliequivalents of 
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hydroxy! groups per gran thereof. 

A portion (1.0 g) of the polymer was dipped in 
a phosphate buffer having a pH of 7.4, and then packed 
into a column. Then, 100 nl of plasma containing bilirubin 
in a total concentration of 10.2 mg/dl was passed calculat- 
ingly through the column at a rate of 2 nl/min. for 4 hours. 
The concentration of total concentration of bilirubin in 
the plasma was decreased to 4.7 mg/dl. 
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CLAIM S 



1. An albumin-fixed resin comprising a water- 

insoluble resin and albumin chemically bound thereto 
characterised in that the water-insoluble resin is a' 
crosslinked epoxy resin containing 1 to 30 milli- 
equivalents of amino groups and 1 to 50 milliequi valents 
of hydroxyl groups per gram thereof, said albumin i s 
bound ionically to the amino groups and by hydrogen 
bonding to the hydroxyl groups, and the amount of fixed 
albumin is at least 25% by weight based on the epoxy 



reszn. 
2. 



An albumin-fixed resin according to claim 1 
characterised in that said crosslinked epoxy resin contains 
2 to 20 milliequivalents of amino groups and 2 to 35 
milliequivalents of hydroxyl groups per gram thereof. 

3. An albumin-fixed resin according to claim 2 
characterised in that the crosslinked epoxy resin contains 
4 to 10 milliequivalents of amino groups and 4 to 25 
milliequivalents of hydroxyl groups per gram thereof. 

4. An albumin- fixed resin according to claim 1, 2 
or 3, characterised in that the amount of fixed albumin 
is 25 to 150% by weight based on the epoxy resin. 

5. An albumin-fixed resin according to any one of 
the preceding claims, characterised in that the crosslinked 
epoxy resin is derived from a polyepoxy compound and a 
polyamine compound. 

6. An albumin-fixed resin according to any one of 
the preceding claims characterised in that the crosslinked 
epoxy resin is derived from an incompletely crosslinked 
pre-polymer obtained by reacting a polyepoxy compound with 
a polyamine compound, and at least one compound selected 
from organic polyisocyanates, organic polyisothiocyanates 
and organic polycarboxylic acid halides. 
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10. 



A process according to claim 8 characterised in 
that at least one of glycerol triglycidyl ether, 1,1,1- 
trimethylolpropane triglycidyl ether, phloroglucinol ' 
triglycidyl ether and triglycidyl isocyanurate is used as 
triglycidyl ether. 

11. A process according to any one of claims 7 to 10 

characterised in that an aliphatic diamine, an alicyclic 
diamine, an aromatic diamine, or a polyalkylenepolyamine 
of the formula 



R 3 



R 1 -NH4CH,CH 0 lif-R 2 

wherein R 1 and R 2 are identical or different, and each 
represents a hydrogen atom, or an alkyl, alkenyl, 
hydroxyalkyl, aryl or aralkyl group, R 3 represents a 
hydrogen atom or a beta-aminoethyl group, and p is a 
number of 2 to 10, provided that two or more R 3 groups, 
independently from each other, are hydrogen atoms or 
beta-aminoethyl groups is used as the polyamine compound. 
12. A process according to claim 11 characterised 

in that a compound of the formula 

H 2 NfCH 2 -^NH 2 

wherein q is an integer of 2 to 10, or 
a compound of the formula 

is used as alicyclic diamine. 

13. A process according to claim 11 characterised 

ln P^azine, 2, 5-dimethylpiperazine or diamine- 

cyclohexane of the formula 



H 2 N 




is used as alicyclic diamine. 
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7. 



« «... - ^rt,-rsrrr r-*- 

amine compound containing at leMt ZTl ^ 

reaction in an inert medium to produce TfTl 
resin, or aubjecting saU poly e^ y and ] Cr ° SSllnked 
compound, to addition reaction to TZTIT^T 
crosslink pre-po ly mer. and then reallng! ^ 
with at least ™. reacting the pre-polymer 

polycarboxylxc acid halides to crosslink ^ 

fully, and crosslink the pre-polymer 

(2) contacting the resulting crosslink 
resin containing 1 to 30 nH n ■ • ° r ° SSllnked e P°^ 

•my a. to 30 milliequivalent«? nf 
and 1 to 50 mi]H a ^ , -^vaxents of ammo groups 

thereof ilZ^ZTlT ~ 
Sroups of the epo xy rel " «- 

tit a di. ir:7 a r:T to ciaim 7 - 

dr or tri-glycidyl ether is used as the 
POlyepoxy compound. 

in that at aCC ° rdin9 * ^ 8 ^"^erised ' 

at least one of a compound of the formula 

c^ 2 -chch 2 ok:h 2 ^ch 2 ch--^h 2 

0 NO 

wherein n is a number of 2 to lo 
a compound of the formula 

CH.-pH^O^^H.OVcH CH-^CH, 
wherein m is a number of 2 to 10 

glycerol di g i ycidyl ether) b . sphenoi d .; 

hydro^none digl yc idyl ether an d resorcinol ^ 1 1 
«c« er as used as the diglycidyl ether* 
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14. 



lt t A A Pr T S aCC ° rding t0 Claim 11 ^-acterised in 
that a diammobenzene of the formula 




or a diaminobisphenylene compound of the formula 



wherein x represents a bond, methylene group, a 
dimethylmethylene group, or an oxygen atom is Used as 
aromatic diamine. 

chL * A T 0633 aCC ° rding to ^ °- of claims 7 to 14 
characterised in that step (1), (a) is perforined 

using 0.8 to 2.0 equivalents of the epoxy g roups of the 

polyepoxy compound per equivalent of the primary 

and/or secondary amino groups of the polyamine compound. 

16. A process according to any one of claims 7 to 14 
characterised in that step (1) r h \ a ^ „ 

n * o n • P u; ' lb) 18 carried out using 

0.5 to 2.0 equivalents of the epoxy groups of the 
polyepoxy compound per equivament of the primary and/or 
secondary amino groups of the polyamine compound. 

17. A process according to any one of claims 7 to 16, 
characterised in that the addition reaction of the polyepoxy 
compound and the polyamine compound is carried out " y ^ 
dispersing in an aqueous medium in the optional presence of 
a dispersant a solution of ihe polyepoxy compound and the 
polyamine compound in a water-insoluble or sparingly 
water-soluble inert organic solvent. 

A meth ° d rem ° Vin9 n ° XiOUS subst *nces capable of 
binding to from a soiut±on cQntaining > °* 

method comprises contacting an albumin-fixed resin as claimed 
xn any one of claims 1 to 6 intimately with a solution of 
at least one such noxious substance to be found in the 
blood of a warm-blooded animal. 
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capable orbtaV^^^ 9 4 °° Xi ° aS 

p or Binding to albumin from th» m„ a * 

blooded animal, vbich method l ' 

drawing the blood „f " comprises extracorporeal^ 

s me mood of a warm-bloodea animal fr~. v ^ 
« desired to reK)V e Slid noxious ..^^J.*- T " 
an albumin- fixed resin „ cl ^tance, contacting 

in that the albumin „■ characterised 

warmblooded animal or a no ^ ° f • 

Ending to , lb J al 3 capable of 
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substances as starch and gluten [see, for examrie S \ P B * 9 , 3 ~j 1956)1 ' and sucn or 9anic 

resins [see, for example, Biological Abstracters 6) tS^Xi^'^' Chem - 179 ' 1063 " 949 « «* 
'« stances, however, have he cSStefSSS 2?S onlS I* 6613 ? a " d , 66135 (1979)1 - These su >> 
to firm fixing of large quantitieTof Se D raSS ESSE ?h! ° f pr0teins ' and «»« «««d 

molecular weight of more than ther EuS? P Y ^ *" P rotei ^ generally have a 

'* covalent bond, and a basic ion exchanqe rnin ? ^ a,bum ' m *>Y a 

by a covalent bond is known. TmSSSSbS ^S^ffi^""i de ^ rttam,n ^ t ^ 
agarose with periodic acid, reartingitS tte B ? po,vsaccharide «*h as cellulose or 
with sodium borohydride ^?•S?CJ^ B «„?^^ b ^ ,m,n • redUCi " 9 the reaction pr ° d "<* 
Proposals to use ion-exchange have also beeJ mZtt' ' mmunolo 9Y. Vol. 20, page 1061 (1971)1. 
50256 (1980) and Chemical /L^^^^S^^L*"" 1 ^' Bi ° ,0gical Abstracts ' 69 < 8 > 
the number of sites to which albumin can be ItendJc fk n^&W?^ h °T Ver ' have *» defect ** 

generally complex. A substance whfch S? K aw£ 1 ffi '"L *" a,bumi "" bound is 
perm* fixation of about 200 mg at ni^^^JS^^ « theret0 can 

thereof, said albumin is bound fanSyto^S^rlSrS^ « rou ^ 8^ 

groups, and the amount of fixed albumin °s 5 iSsv h„ P L«" 1^ Mrogen bonding to the hydroxvl 

Investigations of the present invemore have sJStt ^ ?" the epoxy resin - 
permit bonding of the albumin by anlSbond (I a ?Te amine n^f? 08 ^ ° n ' Y * B " sites "M* 
srtes which permit bonding of albumin by Satn^nZ^TSfL a subs * nce h f™9 °nly those 
effect,ve fixation of albumin, and that only a Snce wS * Y f 0XY ' 9r ° Upl cannot achieve 
proximity can have albumin effectively fixed thereto ^ of sites t0 9 ether in 

cross^dT^r^ 

compound. The crosslinked epoxy resin has ft , adTnZf tZJ? P* 90 ** com P° und a po/yem/ne 
hydroxy) groups can be incorporated and therefore K fit K ' ar9S a ™ Un ? ° f amino 3™ps and 

hydrogen bonding. P ^ ° Ugh a " ,on,c bond and to «» hydroxy/ groups through 

25%?y wSpSrlb^ *• «* ad h an amount of at /east 

weight of the epoxy resin y 9ht espec,a " v P^erably 50 to 150% by weight, based on the 

intim^^ ™£ n ?n a C l?J m T d r d " y C ° ntaCt ''" 9 the crass "" ked W resin 

^toSTO. Through 

the crosslinked epoxy Sr2?2£&S ^ ^ dro 9 e " bond ' form between 
Kyd^ 

^Dunng the contacting, the concentration of the aqueous a/bumin soiution is preferab/y 0.5 ot 5% by 
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Before contact with the aqueous albumin solution, the crosslinked epoxy resin may be contacted with 
an acid to neutralize the amino groups at least partly. For this purpose, a phosphate buffer having a pH of 
about 7, for example, may be used preferably. When the neutralized crosslinked epoxy resin is contacted 
with the aqueous solution of albumin, fluctuations in the pH of the aqueous solution after contactinq are 
5 reduced. 

Contacting between the crosslinked epoxy resin and the aqueous albumin solution can be effected 
conveniently by, for example, dipping the epoxy resin in the aqueous solution, or passing the aqueous 
solution through a column packed with the epoxy resin. As a special method, this can also be performed by 
passing the aqueous solution through a tube or a slender tube having a dimension corresponding to a 

J0 hollow filament at least the surface of which is made of the crosslinked epoxy resin by such means as 
coating. As described hereinbeiow, the crosslinked epoxy resin used in this invention can be easily 
produced as fine particles, and therefore, the aforesaid contacting operation can be advantageously 
performed by the aforesaid dipping method or column method using such fine particles of the resin. The 
fine particles of the crosslinked epoxy resin have an average diameter of usually 0.1 to 2 mm, preferably 0 5 

15 to 1.5 mm. 

The albumin-fixed resin of this invention can be favorably used for removing an albumin-binding 
noxious substance contained in the blood. 

According to this invention, the crosslinked epoxy resin used in this invention can be produced by 

(a) subjecting a polyepoxy compound having at least two epoxy groups in the molecule and a poly- 
20 amine compound having at least two primary and/or secondary amino groups in the molecule to addition 

reaction in an inert medium to form a fully crosslinked resin, or 

(b) subjecting these compounds to addition reaction to an inert medium to form an incompletely cross- 
linked pre-polymer, and reacting the resulting pre-polymer with at least one compound selected from 
organic poly isocya nates, organic polyisothiocyanates and organic polycarboxylic acid halides, to crosslink 

25 the prepolymer fully. 

Compounds having two or three epoxy groups in the molecule, such as di- or tri-glycidyl ethers, are 
preferably used as the polyepoxy compound having at least two epoxy groups in the molecule. Poiy- 
glycidyl ethers having up to 6 epoxy groups in the molecules, such as sorbitol polyglycidyi ether, can also 
be used. 

30 Especially preferred digiycidyl ethers include a compound of the following formula 

CH 2 -CHCH 2 0-f-CH 2 -^OCH 2 CH-CH 2 ( GE __-, ) 

35 \/ \/ 

wherein n is a number of 2 to 10, 
a compound of the following formula 

40 

CH 2 -CHCH 2 O^CH 2 CH 2 04; ;; CH 2 CH-CH 2 ( GE-2 ) 

0 V 

45 * i w . h ? , ; ei " m is a ™mt>er of 2 to 1 0, glycerol digiycidyl ether, bisphenol A digiycidyl ether, hydroquinone 
digiycidyl ether, resorcinol digiycidyl ether and mixtures of these compounds. 

Specific examples of the compounds of formula (GE-1) are ethylene glycol, digiycidyl ether, 
tnmethylene glycol digiycidyl ether, tetramethyiene glycol digiycidyl ether, hexamethylene diqfycidyl 
ether, and decamethylene digiycidyl ether. 
so Examples of the compound of formula (GE-2) are diethylene glycol digiycidyl ether and other poly- 

ethylene glycol digiycidyl ethers in which m is up to 10. 

Examples of the triglycidyl ethers are glycerol trigiycidyl ether, 1,1,1 -trimethylol pro pane trig lycidy I 
ether, phioroglucmol tnglycidyl ether, triglycidyl isocyanurate and mixtures of these compounds 

The polyamine compound used in this invention is a compound containing at least two primary and/or 
55 secondary ammo groups in the molecule, and optionally having a tertiary amino group in addition to the 
above amino groups. 

Examples of preferred polyamine compounds are aliphatic, alicyclic, heterocyclic and aromatic 
diamines having no tertiary amino group in the molecule, and polyalkylene-polyamines of the following 
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formula 

R 3 



1 I 0 

R '-NH-f CH 2 CH 2 N4-R ( PAM ) 
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wherein R 1 and R 2 are identical or different and each represents a hydrogen atom or an alky!, alkenyl, 
hydroxyalkyl, aryl or araikyl group, R 3 represents a hydrogen atom or a beta-aminoethyl group, p is a 
number of 2 to 10, provided that two or more R 3 groups, independently from each other, may be hydrogen 
atoms or beta-aminoethyl groups, 
5 which may have a tertiary amino group. 

Examples of preferred aliphatic diamines are compounds of the following formula 

H 2 N-fCH 2 )g-NH 2 (PA-2) 

ro wherein q is an integer of 2 to 10, such as ethylenediamine, trimethylenediamine, tetramethylene- 
diamine, hexamethyfenediamine and decamethylenediamine, and diamines of the formula 



15 




(PA-3) 



such as p-xyiylenediamine and m-xylylenediamine. 
20 Examples of preferred heterocyclic and alicyclic diamines are piperazine, 2,5-dimethyipiperazine and 
diaminocyclohexanes of the following formula 



25 




(PA-4) 



such as 1,4-diaminocyclohexane and 1,3-dfaminocycIohexane. 
30 Examples of preferred aromatic diamines are diaminobenzenes of the following formula 



35 




(PA-5) 



such as 1,4-diamtnobenzene and 1,3-diaminobenzene and diaminobisphenylene compounds of the 
following formula 




(PA-6) 



'wherein X represents a bond, a methylene group, a dimethylmethylene group, or an oxygen atom, 
such as 4,4'-diaminodiphenylene, 3,4'-diaminodiphenylene, 3,3'-diaminodiphenylene, 2,4' -diamine- 
dfphenylene, 4,4'-diaminodipheny I methane, 2,2-bis(p-aminophenyl)propane and 4,4'-diaminodiphenyl- 
so ether. 

As regards R 1 and R 2 in formula (PA-1) representing the polyalkylenepolyamine, the alky I group is 
preferably an alkyl group having 1 to 3 carbon atoms such as methyl, ethyl and propyl; the alkenyl group is 
preferably an alkenyl group having 2 or 3 carbon atoms, such as vinyl, propenyl or isopropenyl; the 
hydroxyalkyl group is preferably a hydroxyalkyl group having 1 to 3 carbon atoms, such as hydroxy methyl, 
55 hydroxyethyl or hydroxypropyl; the aryl group is preferably phenyl, tolyi or naphthyl; and the araikyl group 
is preferably benzyl or beta-phenethyl. 

Examples of the poiyalkylene polyamine in which R 1 and R a are hydrogen atoms are compounds of the 
following formulae 

60 



65 



4 



10 



0028937 

H 2 NCH 2 CH 2 -N-CH 2 CH 2 NH 2 

CH 2 CH 2 NH 2 

3 ^ 
(one R is beta-afoinoethyl, and the other R 

groups are hydrogen atoms, p = 2) 
H 2 NCH 2 CH 2 -NH-CH 2 CH 2 -N-CH 2 CH 2 NH 2 

CH 2 CH 2 NH 2 

(two F? groups are hydrogen atoms, one R 3 is 
/ 5 beta-ami noethy l , p = 3 ) 

H 2 NCH 2 CH 2 -N-CH 2 CH 2 --N-CH 2 CH 2 NH 2 
CH 2 CH 2 NH 2 CH 2 CH 2 NH 2 

(one R 3 is hydrogen atom, two R 3 groups are 
beta-aminoethyi groups, p = 3) 



20 



25 



From these exemplified compounds, those skilled in the art will be able to understand easily specific 
examples of compounds of formula (PA-1) in which R 1 and R a are other than hydrogen atoms. 

The polyepoxy compound and the polyamine compound are reacted in an inert medium, if desired in 
the presence of a surface-active agent, to give a fully crossiinked water-soluble epoxy resin. 
30 According to another embodiment of this invention, the polyepoxy compound and polyamine 

compound are reacted in an inert medium, if desired in the presence of a surface-active agent, to give an 
incompletely crossiinked p re-polymer, and the pre-polymer is then reacted with at least one compound 
selected from organic polyisocyanates, organic polyisothiocyanates and organic polycarboxyUc acid 
halides to give a fully crossiinked water-insoluble epoxy resin. 
35 In the reaction of the polyepoxy compound and polyamine compound, the epoxy groups of the poly- 
epoxy compound add to the primary and/or secondary amino groups of the polyamirre compound as 
schematically shown below. 



In order to produce a fully crossiinked epoxy resin by the reaction of the polyamino compound and the 
polyepoxy compound, it is necessary to adjust properly the proportions of these compounds, i.e. the 
equivalents of the epoxy groups and the amino groups, the reaction time, etc. It has been observed that 
even when either one of the starting materials is used in excess of the proportion stoichiometncally per- 
so mitting full crosslinking, it is most important to perform the reaction at a temperature exceeding about 
30°C. 

Thus, according to the first embodiment (a), the reaction of the polyepoxy compound with the poly- 
amine compound is carried out at a temperature of generally about 20°C to about W0°C, preferably about 
30 to about 70°C, In the second embodiment (b), the reaction is carried out at a temperature of genera Jfy 
55 about -30°C to about 40°C, preferably about 20 to about 30°C 

The proportions of the starting materials in the first embodiment are such that the amount of the epoxy 
groups of the epoxy compound is 0.8 to 2.0 equivalents, especially preferably 1.05 to 1.5 equivalents, per 
equivalent of the primary and/or secondary amino groups of the polyamine compound. 

The same proportions of the starting materials may be used in the second embodiment But preferably, 
so the proportions of the starting materials in the second embodiment is such that the amount of the epoxy 
groups of the epoxy compound is generally 0.5 to 2.0 equivalents, especially 0.8 to 1.5 equivalents, per 
equivalent of the primary and/or secondary amino groups of the polyamino compound. 

The reaction of the polyepoxy compound with the polyamine compound is carried out in an inert 
medium. When required [for example, when water is used as the medium but the two starting materials do 
65 not have sufficient solubility in water and it is desirable to increase their solubility), a water-soluble organic 
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Description 

This invention relates to a water-insoluble polymer having a large quantity of albumin bound thereto, a 
process for its production, and its use for the removal of noxious substances in plasma. 

5 Substances which adsorb proteins such as albumin have been known, and include, for example, such 

inorganic substances as activated carbon, porous glass, alumina, silica gel, bentonite and hydroxy a ppatite 
[see, for example, A. Tiseiius, Arch. Bfochem. fit Biophys., VoL 65, page 132 (1956)], and such organic 
substances as starch and gluten [see, for example, S. Schwimmer, J. Biolog. Chem, 179, 1063 (1949)1 and 
resins [see, for example, Biological Abstracts 68{B) 32667 and 55(11) 66134 and 66135 (1979)]. These sub- 

10 stances, however, have the defect that they merely permit physical adsorption of proteins, and cannot lead 
to firm fixing of large quantities of these proteins thereto partly because these proteins generally have a 
molecular weight of more than then thousand. 

Substances capable of permitting chemical binding of albumin thereto are also known. For example, 
cyanogen bromide-activated agarose is known as a substance capable of fixing albumin thereto by a 

15 co va lent bond, and a basic ion exchange resin, as a substance capable of fixing albumin thereto by an tonic 
bond. Furthermore, as a special substance, an albumin-fixed polysaccharide having albumin fixed thereto 
by a covalent bond is known. This substance is produced by oxidizing a polysaccharide such as cellulose or 
agarose with periodic acid, reacting it with the amino groups of albumin, and reducing the reaction product 
with sodium borohydride [see, for example, C.J. Sanderson et al„ Immunology, Vol. 20, page 1061 (1971)1. 

20 Proposals to use ion-exchange resins have also been made [see, for example, Biological Abstracts, £3(8) 
50256 (1980) and Chemical Abstracts, 85, 107277c (1976)]. These substances, however, have the defect that 
the number of sites to which albumin can be bonded is not sufficiently large, and their ability to firmly fix a 
large quantity of albumin thereto is low, and the method of producing such an albumin-bound substance is 
generally complex. A substance which has the ability to bind the largest amount of albumin thereto can 

25 permit fixation of about 200 mg at most per gram of it in the dried state. 

This invention seeks to provide an albumin-fixed resin comprising a crossiinked epoxy resin having 
large amounts of amino groups and hydroxy groups and a large quantity of albumin firmly bound by ionic 
bonding to the amino groups of the resin and by hydrogen bonding to its hydroxyl groups. 

According to one aspect of this invention there is provided an albumin-fixed resin comprising a water- 

3° insoluble resin and albumin chemically bound thereto, characterised in that the water-insoluble resin is a 
crossiinked epoxy resin which is derived from a polyepoxy compound and a polyamine compound and 
contains 1 to 30 milliequivalents of amino groups and 1 to 50 milliequivalents of hydroxyl groups per gram 
thereof, said albumin is bound ionically to the amino groups and by hydrogen bonding to the hydroxyl 
groups, and the amount of fixed albumin is at least 25% by weight based on the epoxy resin. 

3S Investigations of the present inventors have shown that a substance having only those sites which 

permit bonding of the albumin by an ionic bond je.g. the amino group) or a substance having only those 
sites which permit bonding of albumin by hydrogen bonding (e.g. the hydroxyl group) cannot achieve 
effective fixation of albumin, and that only a substance which have these two types of sites together in 
proximity can have albumin effectively fixed thereto. 

*o These investigations also led to the discovery that such a substance can be conveniently provided by a 

crossiinked epoxy resin obtained by the addition reaction of a polyepoxy compound and a polyamine 
compound. The crossiinked epoxy resin has the advantage that large amounts of amino groups and 
hydroxyl groups can be incorporated, and therefore, it can fix a large amount of albumin firmly thereto. 
The crossiinked epoxy resin used in this invention preferably has 2 to 20 milliequivalents, especially 

45 preferably 4 to 10 milliequivalents, of amino groups per gram of resin and preferably 2 to 35 milliequiva- 
lents, especially preferably 4 to 25 milliequivalents, of hydroxyl groups per gram of the resin. 

The albumin in this invention may be any albumin derived from various animals including man. 
In the albumin-fixed resin of this invention, albumin is fixed to the amino groups, usually secondary or 
tertiary amino groups, of the epoxy resin through an ionic bond and to the hydroxyl groups through 

so hydrogen bonding. 

The albumin-fixed resin of this invention contains albumin in the fixed state in an amount of at least 
25% by weight, preferably 25 to 1 50% by weight, especially preferably 50 to 1 50% by weight, based on the 
weight of the epoxy resin. 

The albumin-fixed resin of this invention can be produced by contacting the crossiinked epoxy resin 

55 intimately with an aqueous solution containing albumin. The contacting is usually carried out preferably at 
5°C to 30°C. Through this contacting, chemical bonds, i.e. an ionic bond and hydrogen bond, form between 
the crossiinked epoxy resin and albumin. It is believed that by the amino groups of the crossiinked epoxy 
resin, albumin is positioned at a specified site of the epoxy resin, and bonded through a hydrogen bond by 
the hydroxyl groups of the epoxy resin whereby albumin is firmly fixed to the epoxy resin. 

50 The ionic bond and hydrogen bond form very rapidly, but the formation of these bonds is affected by 
the form of the crossiinked epoxy resin, the efficiency of contacting, etc. Thus, in the case of dipping the 
crossiinked epoxy resin in an aqueous solution containing albumin, the contacting is carried out usually for 
1 to 60 minutes. 

During the contacting, the concentration of the aqueous albumin solution is preferably 0.5 ot 5% by 
55 weight 
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Before contact with the aqueous albumin solution, the crosslinked epoxy resin may be contacted with 
an acid to neutralize the amino groups at least partly. For this purpose, a phosphate buffer having a pH of 
about 7, for example, may be used preferably. When the neutralized crosslinked epoxy resin is contacted 
with the aqueous solution of albumin, fluctuations in the pH of the aqueous solution after contacting are 
5 reduced. 

Contacting between the crosslinked epoxy resin and the aqueous albumin solution can be effected 
conveniently by, for example, dipping the epoxy resin in the aqueous solution, or passing the aqueous 
solution through a column packed with the epoxy resin. As a special method, this can also be performed by 
passing the aqueous solution through a tube or a slender tube having a dimension corresponding to a 

10 hollow filament, at least the surface of which is made of the crosslinked epoxy resin by such means as 
coating. As described hereinbeiow, the crosslinked epoxy resin used in this invention can be easily 
produced as fine particles, and therefore, the aforesaid contacting operation can be advantageously 
performed by the aforesaid dipping method or column method using such fine particles of the resin. The 
fine particles of the crosslinked epoxy resin have an average diameter of usually 0.1 to 2 mm, preferably 0.5 

15 io 1.5 mm. 

The albumin-fixed resin of this invention can be favorably used for removing an albumin-binding 
noxious substance contained in the blood. 

According to this invention, the crosslinked epoxy resin used in this invention can be produced by 

(a) subjecting a poiyepoxy compound having at least two epoxy groups in the molecule and a poly- 
pe amine compound having at least two primary and/or secondary amino groups in the molecule to addition 

reaction in an inert medium to form a fully crosslinked resin, or 

(b) subjecting these compounds to addition reaction to an inert medium to form an incompletely cross- 
linked pre-polymer, and reacting the resulting pre-polymer with at least one compound selected from 
organic polyisocyanates, organic polyisothiocyanates and organic polycarboxyiic acid halides, to crosslink 

25 the prepolymer fully. 

Compounds having two or three epoxy groups in the molecule, such as di- or tri-glycidyl ethers, are 
preferably used as the poiyepoxy compound having at least two epoxy groups in the molecule. Poly- 
glycidyl ethers having up to 6 epoxy groups in the molecules, such as sorbitol polyglycidyl ether, can also 
be used. 

30 Especially preferred diglycidyl ethers include a compound of the following formula 

CH 2 ^HCH 2 O^H 2 ^CH 2 CH-CH 2 ( GE _-| ) 

35 \/ J 

wherein n is a number of 2 to 10, 
a compound of the following formula 

40 CHg-CHCHgO-fCHgCHgO-^C^CH-CHg (GE-2) 

\/ \/ 

45 wherein m is a number of 2 to 1 0, glycerol diglycidyl ether, bisphenol A diglycidyl ether, hydroquinone 

diglycidyl ether, resorcinol diglycidyl ether and mixtures of these compounds. 

Specific examples of the compounds of formula (GE-1) are ethylene glycol, diglycidyl ether, 
trimethylene glycol diglycidyl ether, tetramethylene glycol diglycidyl ether, hexamethylene diglycidyl 
ether, and decamethylene diglycidyl ether. 
so Examples of the compound of formula (GE-2) are diethylene glycol diglycidyl ether and other poly- 

ethylene glycol diglycidyl ethers in which m is up to 10. 

Examples of the triglycidyl ethers are glycerol triglycidyl ether, 1,1,1-trimethyiolpropane trigiycidyl 
ether, phloroglucinol triglycidyl ether, triglycidyl isocyanurate and mixtures of these compounds. 

The polyamine compound used in this invention is a compound containing at least two primary and/or 
55 secondary amino groups in the molecule, and optionally having a tertiary amino group in addition to the 
above amino groups. 

Examples of preferred polyamine compounds are aliphatic, alicyclic, heterocyclic and aromatic 
diamines having no tertiary amino group in the molecule, and polyalkyiene-polyamines of the following 
' formula 
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R 1 -NH-f CH 0 CI-LI\H-R 2 ( PA " 1 ) 

tL £ p 
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wherein R 1 and R 2 are identical or different and each represents a hydrogen atom or an alky!, alkenyl, 
hydroxyalkyl, aryl or araikyi group, R 3 represents a hydrogen atom or a beta-aminoethyl group, p is a 
number of 2 to 10, provided that two or more R 3 groups, independently from each other, may be hydrogen 
atoms or beta-aminoethyl groups, 
which may have a tertiary amino group. 

Examples of preferred aliphatic diamines are compounds of the following formula 

H 2 N-fCH 2 VNH 2 (PA-2) 

wherein q is an integer of 2 to 10, such as ethylenediamine, trimethylenediamine, tetramethylene- 
diamine, hexamethylenediamine and decamethylenediamine, and diamines of the formula 




(PA-3) 



such as p-xylylenediamine and m-xylylenediamine. 

Examples of preferred heterocyclic and alicyciic diamines are piperazine, 2,5-dimethylpiperazine and 
diaminocyclohexanes of the following formula 




(PA-4) 



such as 1,4-diaminocyclohexane and 1,3-dfaminocyclohexane. 

Examples of preferred aromatic diamines are diaminobenzenes of the following formula 




(PA-5) 



such as 1,4-diaminobenzene and 1,3-diaminobenzene and diaminobisphenylene compounds of the 
following formula 




(PA-S) 



wherein X represents a bond, a methylene group, a dimethylmethylene group, or an oxygen atom, 
such as 4,4'-diaminodiphenylene, 3,4'-diaminodiphenylene, 3,3'-diaminodiphenylene, 2,4'-diamino- 
dfphenylene, 4 r 4'-diaminodiphenylmethane, 2,2-bis(p-aminophenyl)propane and 4,4'-diaminodiphenyi- 
ether. 

As regards R 1 and R 2 in formula (PA-1) representing the polyalkyienepoiyamine, the alkyi group is 
preferably an alkyi group having 1 to 3 carbon atoms such as methyl, ethyl and propyl; the alkenyl group is 
preferably an alkenyl group having 2 or 3 carbon atoms, such as vinyl, propenyl or isopropenyl; the 
hydroxyalkyl group is preferably a hydroxyalkyl group having 1 to 3 carbon atoms, such as hydroxy methyl, 
hydroxyethyl or hydroxypropyl; the aryl group is preferably phenyl, toiyl or naphthyl; and the araikyi group 
is preferably benzyl or beta-phenethyl. 

Examples of the polyalkylene polyamine in which R 1 and R 2 are hydrogen atoms are compounds of the 
following formulae 
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H 2 NCH 2 CH 2 -N".CH 2 CH 2 NH 2 

CH 2 CH 2 NH 2 

3 ^ 
(one R is beta-aminoethyl, and the other R 

groups are hydrogen atoms, p = 2) 
H 2 NCH 2 CH 2 -NH-CH 2 CH 2 "N-CH 2 CH 2 NH 2 

CH 2 CH 2 NH 2 

(two F? groups are hydrogen atoms, one R 3 is 
/5 beta-aminoethyl, p = 3) 

H 2 NCH 2 CH 2 -IjJ-CH 2 CH 2 «-N-CH 2 CH 2 NH 2 
CH 2 CH 2 NH 2 CH 2 CH 2 NH 2 

(one R 3 is hydrogen atom, two R 3 groups are 
beta-aminoethyi groups, p = 3) 

25 

From these exemplified compounds, those skilled in the art wilt be able to understand easily specific 
examples of compounds of formula (PA-1) in which R 1 and R 2 are other than hydrogen atoms. 

The polyepoxy compound and the polyamine compound are reacted in an inert medium, if desired in 
the presence of a surface-active agent, to give a fully cross! inked water-soluble epoxy resin. 

30 According to another embodiment of this invention, the polyepoxy compound and polyamine 

compound are reacted in an inert medium, if desired in the presence of a surface-active agent, to give an 
incompletely crosslinked pre-polymer, and the pre-polymer is then reacted with at least one compound 
selected from organic polyisocyanates, organic polyisothiocyanates and organic polycarboxylic acid 
halides to give a fully crosslinked water-insoluble epoxy resin. 

35 In the reaction of the polyepoxy compound and polyamine compound, the epoxy groups of the poly- 
epoxy compound add to the primary and/or secondary amino groups of the polyamirre compound as 
schematically shown below. 



20 



In order to produce a fully crosslinked epoxy resin by the reaction of the polyamino compound and the 
polyepoxy compound, it is necessary to adjust properly the proportions of these compounds, i.e. the 
equivalents of the epoxy groups and the amino groups, the reaction time, etc. It has been observed that 
even when either one of the starting materials is used in excess of the proportion stoichiometrically per- 
so mitting full crosslinking, it is most important to perform the reaction at a temperature exceeding about 
30°C. 

Thus, according to the first embodiment (a), the reaction of the polyepoxy compound with the poly- 
amine compound is carried out at a temperature of generally about 20°C to about 100°C, preferably about 
30 to about 70°C. In the second embodiment (b), the reaction is carried out at a temperature of generally 
55 about -30°C to about 40°C, preferably about 20 to about 30°C. 

The proportions of the starting materials in the first embodiment are such that the amount of the epoxy 
groups of the epoxy compound is 0.8 to 2.0 equivalents, especially preferably 1.05 to 1.5 equivalents, per 
equivalent of the primary and/or secondary amino groups of the polyamine compound. 

The same proportions of the starting materials may be used in the second embodiment But preferably, 
so the proportions of the starting materials in the second embodiment is such that the amount of the epoxy 
groups of the epoxy compound is generally 0.5 to 2.0 equivalents, especially 0.8 to 1.5 equivalents, per 
equivalent of the primary and/or secondary amino groups of the polyamino compound. 

The reaction of the polyepoxy compound with the polyamine compound is carried out in an inert 
medium. When required (for example, when water is used as the medium but the two starting materials do 
65 not have sufficient solubility in water and it is desirable to increase their solubility), a water-soluble organic 
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medium such as tetrahydrofuran and dioxane may be added to the reaction system in order to perform the 
reaction smoothly. The reaction of the polyepoxy compound and the polyamine compound may be per- 
formed in solution, suspension or emulsion. 

In the first embodiment the reaction of the polyepoxy compound with the polyamine compound may 

5 preferably be carried out in the following manner. 

Predetermined amounts of the polyepoxy compound and the polyamine compound are dissolved in a 
water-insoluble or sparingly water-soluble inert organic medium, and reacted at a temperature of 
preferably not more than about 30°C until the reaction mixture substantially remains a uniform solution. 
Then, the solution is suspended in water, and reacted further preferably at a temperature of at least about 

to 30°C to produce a water-insoluble, fully crosslinked, spherical epoxy resin. 

Examples of preferred water-insoluble or sparingly water-soluble inert organic media include aromatic 
hydrocarbons such as benzene, toluene and xylene, halogenated hydrocarbons such as chlorobenzene, 
methylene chloride, chloroform, dichloroethane, trichloroethane and trichloroethylene, aliphatic hydro- 
carbons such as hexane, heptane, octane and cyclohexane, and mixtures of these. 

15 To perform the suspending operation stably, there is preferably used a suspension stabilizer such as 
bentonite, polyacrylic acid, pectin, polyvinyl alcohol, gelatin, talc, barium sulfate and calcium carbonate. In 
order to perform the suspending operation smoothly, the specific gravity of the dispersion medium is 
desirably increased by dissolving a water-sofubie inorganic salt such as sodium chloride, sodium phos- 
phate or sodium sulfate in water. 

20 In another manner, predetermined amounts of the polyepoxy compound and the polyamine 

compound are dissolved in an aqueous medium, and reacted at a temperature of preferably not more than 
about 30*C until the reaction mixture substantially remains a uniform solution. Then, the soiusion is 
suspended in a water-insoluble or sparingly water-soluble inert organic medium, and further reacted at a 
temperature of preferably at least about 30°C to produce a water-insoluble, spherical, fully crosslinked 

25 epoxy resin. 

Examples of the water-insoluble or sparingly water-soluble inert organic media may be the same as 
those given hereinabove. 

To perform the suspending operation stably, there is preferably used a dispersing agent, for example a 
lower alkyl cellulose such as methyl cellulose, ethyl cellulose or butyl cellulose. Preferably an organic 
30 monocarboxylic acid having at least 5 carbon atoms is preferably used as a dispersing aid. Examples of the 
organic monocarboxylic acid are aliphatic monocarboxylic acids such as caproic acid, caprylic acid, 
myristic acid, palmitic acid, stearic acid and oleic acid, and aromatic monocarboxylic acids such as benzoic 
acid and toluic acid. 

When the dispersing aid is used, there are obtained spherical particles of a crosslinked epoxy resin on 
35 the surface of which large quantities of the secondary and/or tertiary amino groups are distributed. It is 
believed that the dispersing aid forms a salt with the amino groups used in of the polyamine compound 
used, and at this time the hydrophobic portion of the dispersing aid is directed toward the inert organic 
medium as a dispersing medium, thereby giving spherical particles having a large quantity of the amino 
groups distributed on their surface. 
4o Treatment of the resulting spherical particles with an aqueous solution of an alkali such as sodium 

hydroxide leads to a product having free amino groups by releasing the organic carboxylic acid. 

In any of the aforesaid preferred modes in the first embodiment, it is generally desirable to use the 
polyepoxy compound in an amount exceeding the equivalent of the polyamine compound. These 
compounds are used in a total amount of about 2 to about 80% by weight, preferably about 5 to about 60% 
45 by weight, especially preferably about 10 to about 50% by weight, in the solution. 

The substantially uniform solution obtained by reacting this solution can be suspended in the 
dispersing medium in a solution-to-medium volume ratio of from 1:2 to 1:100, preferably from 1:2.5 to 
1 :50, especially preferably from 1 :3 to 1 : 10, 

The spherical particles of the crosslinked epoxy resin obtained have sizes varying depending upon the 
so ratio of the solution to the dispersion medium. Generally, the sizes of the spherical particles can be con- 
trolled by adjusting the speed of stirring. The particle diameter of the crosslinked epoxy resin is preferably 
about 0.1 to about 2 mm, especially preferably about 0,5 to about 1.5 mm. 

in the second embodiment described above, the reaction of producing the incompletely crosslinked 
prepblymer from the polyepoxy compound and the polyamine compound is carried out in the same reac- 
55 tion medium as described above at a temperature of preferably below about 30°C. The resulting pre- 
polymer is then reacted with at least one compound selected from organic poly isocya nates, organic poly- 
isothtocyanates and organic poly carboxylic acid halides. 

Organic diisocyanates are preferred as the organic polyisocyanate. Examples are hexamethylene 
diisocyanate, lysine diisocyanate, hydrogenated diphenylmethane diisocyanate, isophorone diisocyanate, 
so hydrogenated tolylene diisocyanate, tolylene diisocyanate, diphenylmethane diisocyanate, naphthyiene 
diisocyanate, xylyiene diisocyanate, and tolidine diisocyanate. 

Organic ditsothiocyanates are preferred as the organic polyisothiocyanate. Examples include hexa- 
methylene diisothiocyanate, tolylene diisothiocyanate and diphenylmethane diisothiocyanate. 

Preferred acid halides of the organic polycarboxylic acid are chlorides or bromides, especially 
65 chlorides, of organic di- or tri-carboxvlic acids, especially organic dicarboxylic acids. Examples of the 
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organic di- or tri-carboxylic acids include aliphatic dicarboxylic acids such as oxalic acid, malonic acid, 
succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic acid and brassy lie acid, aromatic dicarboxylic 
acids such as phthalic acid, isophthaiic acid and terephthalic acid, and aromatic tricarboxylic acids such as 
trimellitic acid and trimesic acid. Chlorides of these organic carboxylic acids are used preferably. 
5 In the reaction with the pre-polymer, such a polyvalent compound acts as a crosslinking agent for the 

pre-polymer to give a crossl inked epoxy resin. 

The term "incompletely crosslinked", as used in the present application means that the resulting 
product still has crossl inkable reactive functional groups, i.e. amino and epoxy groups, and the reaction can 
still be effected between these reactive functional groups, or the product no longer has a reactive functional 
m group but cannot be used as a water-insoluble polymer. Accordingly, the incompletely crosslinked pre- 
polymer includes not only a substantially linear polymer having a relatively low molecular weight but also 
a polymer which is cross-linked but not to such an extent as to become substantially water-insoluble. 

The reaction of the pre-polymer can be performed, for example, by molding the pre-polymer into such 
a shape as a film or fibers and then treating the molded article with the crosslinking agent or a solution of it 
15 in an aprotic inert organic solvent; or by adding the crosslinking agent to a solution of the prepared pre- 
polymer in water or an inert organic solvent 

In the latter case, when the solution of the pre-polymer is an aqueous solution, it is possible to dissolve 
the crosslinking agent in an aprotic inert organic medium such as methylene chloride, chloroform, cyclo- 
hexane, toluene or xylene, and add the solution to the solution of the pre-polymer to perform the reaction. 
20 According to this method, the crosslinked epoxy resin can be obtained as spherical particles. 

In the latter case, when the solution of the pre-polymer is a solution of an inert organic solvent it is 
possible to add the crosslinking agent directly to the solution of the pre-polymer or add it after dissolving it 
in an aprotic inert organic solvent 

The reaction of the pre-polymer with the crosslinking agent is carried out at about -30°C to about 
2$ 100°C, preferably about 20 to about 30°C. The reaction time is about 5 minutes to'about 300 minutes. When 
the crosslinking agent is used as a solution in an aprotic inert organic solvent the concentration of the 
crosslinking agent is preferably 0.05 to 5% by weight 

The crosslinked epoxy resin to obtained is then after-treated as required, and then contacted with a 
solution of albumin in the manner described hereinabove to give the albumin-fixed resin in accordance 
30 with this invention. 

For example, the resin obtained. as a result of solidification of the reaction mixture is pulverized to a 
suitable size, washed (usually with water) dried and as required, sieved. The crosslinked epoxy resin 
formed as particles in the reaction system is separated by filtration, centrifugal separation, etc., washed, 
dried, and as required, sieved. 

35 The albumin-fixed resin provided by the process of this invention is conveniently used to remove 
' albumin-binding noxious substances present in blood. For example, it combines with such an albumin- 
binding substance as thyroxine, triiodothyronine, buiirubin, uric acid, bile acid, guanidine, various indoles, 
acetylcholine, barbituric acid, digitoxin and salicyclic acid. It is known that these noxious substances are 
difficult to remove effectively by adsorption on activated carbon, dialysis, etc. 

40* Accordingly, in another aspect, the present invention provides a method for removing noxious sub- 

stances capable of being bonded to albumin from a solution containing said noxious substances, which 
comprises contacting the albumin-fixed resin of this invention intimately with a solution containing 
albumin-binding noxious substances contained In the blood of a warm-blooded animal. 

The solution containing albumin-binding noxious substances may, for example, be blood, plasma 

4S separated from the blood, a dilution of the blood or plasma with a blood isotonic solution such as 
physiological saline. 

Accordingly, the present invention also provides a method for removing an albumin-binding noxious 
substance from the blood of a warm-blooded animal, which comprises extracorporeal^ drawing the blood 
of a warm-blooded animal from which it is desired to remove an albumin-binding noxious substance con- 
so tained therein, contacting the albumin-fixed resin of this invention intimately with the blood, the plasma 
separated therefrom, or a dilution of the blood or plasma with a blood isotonic solution, and thereafter 
returning the blood, plasma or the dilution thereof from which the albumin-binding noxious substances 
have been removed to the body of the animal. 

The method of this invention is especially advantageously applied to the removal of bilirubin from the 
ss blood of a patient with hepatic failure, etc. In hepatic failure, toxins increase in the blood of the patient in a 
serious case, induce hepatic coma. The cause of hepatic coma has not been completely elucidated, but is 
believed to be due partly to the presence of bilirubin in the blood. 

Since the albumin-fixed resin of this invention has a large quantity of albumin, a component of blood, 
bonded thereto, it has excellent compatibility with the blood and is as well antithrombotic. Because of 
so these properties, the albumin-fixed resin of this invention is also useful as a fabricated article for artificial 
organs such as artificial kidneys, an antithrombotic coating material for catheters, etc. 

As stated hereinabove, when the crosslinked epoxy resin provided by this invention is contacted with a 
solution containing albumin such as blood or plasma, the albumin-fixed resin of this invention results. 
Accordingly, it is readily appreciated that when the crosslinked epoxy resin is contacted with blood, etc. 
55 containing an albumin-binding noxious substance, the albumin-fixed resin of this invention forms and acts 
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to remove the noxious substance. This embodiment is preferred and included within the scope of the 
invention. 

The following Examples illustrate the present invention more specifically. 
Ail percentages in these Examples are by weight. 
5 The concentration of albumin in its aqueous solution is determined from the absorbance of the 
aqueous solution at 280 nm in its ultraviolet absorption spectrum. 

Throughout the present application, the equivalents of amino groups and hydroxy! groups are 
measured in the following manner. 

About 1 g of a dried fine powder having a size of about 0.01 to about 0.1 mm as a sample is precisely 
to weighed, and put into about 100 ml of distilled water. Then, 0.05N hydrochloric acid is added dropwise at 
room temperature with stirring using phenolphthalein as an indicator. The equivalent of amino groups in 
the sample is determined from the amount of the hydrochloric acid consumed. 

About 1 g of a dried fine powder having a size of about 0.01 ot about 0.1 mm of distilled water. Then, 
0.05N hydrochloric acid is added dropwise at room temperature with stirring using phenolphthalein as an 
is indicator. The equivalent of amino groups in the sample is determined from the amount of the hydrochloric 
acid consumed. 

About 1 g of a dried fine powder having a size of about 0.01 to about 0.1 mm is precisely weighed and 
dispersed in 100 ml of dehydrated toluene. About 3,0 g of precisely weight acetic anhydride is added, and 
the mixture is reacted at 40°C for 1 hour with stirring. The reaction mixture is cooled, and the polymer is 

20 separated by filtration. The polymer is washed with 50 ml of dehydrated toluene, and the filtrate and the 
washing are combined. The mixture is then titrated with 0.05N alcoholic sodium hydroxide solution to a 
neutralization point. The total equivalent of amino* groups and hydroxy! groups in the fine powder is 
calculated from the amount titrated with the alcoholic sodium hydroxide solution, and the equivalent of the 
hydroxy! groups is obtained by subtracting the equivalent of the amino groups from the total equivalent. 

25 The concentration of bilirubin in plasma is determined by the Evelyn-Mailoy method [see J. Biol. 
Chem. 119, 480 (1937)]. 

Example 1 

(1 ) A 300 ml. three-necked separable flask equipped with a stirrer and a thermometer was charged with 
30 5.2 g (0.05 mole) of diethylenetriamine and 50 ml of distilled water, and while the contents of the flask were 
Stirred at 25°C, 25 ml of a tetrahydrofuran solution containing 12.1 g (0.06 mole) of 1,4-butanediol diglycidyl 
ether was gradually added dropwise. The mixture was stirred at this temperature for 1 hour, and when the 
viscosity of the mixture rose, the stirrer was detached from the flask. When the reaction mixture was 
allowed to stand for 2 hours, it completely solidified to a gel. The gel was pulverized, well washed with 
35 water and then dried to afford 17.0 g of a polymer. 

The resulting dried polymer contained about 90% by weight of particles having a particle diameter of 
about 0.5 to about 1.0 mm and had an average particle diameter of about 0.7 mm. The polymer contained 
about 8.0 mi 1 1 (equivalents of amino groups and about 6.5 milliequivalents of hydroxy) groups per gram 
thereof. 

40 (2) A portion (2.0 g) of the polymer obtained in (1) above was placed in a 300 ml flask equipped with a 
stirrer, and 300 ml of a 1.0% aqueous solution of bovine serum albumin was added. The mixture was 
stirred for 1 hour, and filtered to afford a polymer having albumin bound thereto. The albumin content of 
the filtrate was measured, and the amount of albumin reacted with the polymer was calculated. It was 
found that 0.32 g of albumin was bonded per gram of the base polymer. 

45 

Example 2 

The procedure of Example 1,(1) was repeated except that 3.48 g (0.03 mole) of hexamethylenediamine 
acid 2.06 g (0.02 mole) of diethylenetriamine were used instead of 5.2 g of diethylenetriamine. There was 
obtained 17.5 g of a water-insoluble polymer. The polymer was pulverized and dried. The polymer had an 
so average particle diameter of 0.7 mm,' and contained about 6.5 milliequivalents of amino groups and about 
6.5 milliequivalents of hydroxy) groups per gram thereof. 

The polymer particles were reacted with albumin in the same way as in Example 1, (2). It was found 
that 0.35 g of albumin was bonded per gram of the polymer. 

55 Example 3 

(1) In the same way as in Example 2, 3.48 g (0.03 mole) of hexamethylenediamine and 2.06 g 
(0.02 mole) of diethylenetriamine were reacted with 1,4-butanediol diglycidyl ether. There was obtained 
17.2 g of a water-insoluble polymer. The polymer was then pulverized and dried to afford polymer particles 
having an average particle diameter of about 0.7 mm. 

so A portion (3.0 g) of the polymer was added to 150 ml of a 0,6% toluene solution of 4,4'-diphenyl- 
methane diisocyanate, and the mixture was stirred at 25°C for 1 hour. After the reaction, the resulting 
polymer was separated by filtration, well washed with methanol, and dried to afford 3.8 g of the polymer. 

The resulting dried polymer particles had an average particle diameter of about 0.7 mm, and contained 
about 6.2 milliequivalents of amino groups and about 6.4 milliequivalents of hydroxy! groups per gram 

65 thereof. 
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(2) A portion (1.2 g) of the polymer obtained In (1) above was packed into a column having a diameter 
of 15 mm and a length of 60 mm, and 0.1% aqueous solution (1.5 liters) of bovine serum albumin was 
passed through the column at a flow rate of 1 ml/min. The concentration of albumin in the effluent from the 
column was measured p.eriodically. The concentration of albumin was zero until the amount of the effluent 
5 reached 0.5 liter. Thereafter, the concentration of aibumin in the effluent gradually increased, and 1 .5 liters 
of the effluent was required until the concentration of albumin in it reached 0.1 %. The amount of aibumin 
bonded to the polymer was found to be 0.83 g per gram of the polymer. 

Example 4 

to (1) A 500 ml three-necked flask equipped with a stirrer and a thermometer was charged with 1.6 g 
(0.014 mole) of hexamethylenediamine, 0.48 g (0.0047 mole) of diethylenetriamine and 20 ml of distilled 
water, and with stirring at 25°C, 4.68 g (0.024 mole) of glycerol diglycidyl ether was gradually added. The 
mixture was stirred at this temperature for 30 minutes, and then 300 ml of a 0.6% toluene solution of 4,4'- 
diphenylmethane diisocyanate and 20 mg of polyoxyethylene sorbitan mono-palmitate as a surfactant 

is were added. The mixture was vigorously stirred for 1 hour at 25°C. After the reaction, the resulting 
particulate polymer was separated by filtration, washed well with methanol, and dried to afford 8.5 g of a 
water-insoluble polymer. . 

The resulting polymer had an average particle diameter of about 0.5 mm, and contained about 5,8 
milliequivalents of amino groups and about 0.5 milliequivalent of hydroxy! groups per gram or thereof. 

20 (2) A portion (1.0 g) of the polymer obtained in (1) above was dipped in a phosphate buffer having a pH 
of 7.4 to neutralize the amino groups in it, and packed into a column having a diameter of 15 mm and a 
length of 60 mm. Then, 1.8 liters of a 0.1% aqueous solution of human serum aibumin was passed through 
the column at a flow rate of 1 mi/min. The concentration of albumin in the effluent from the column was 
periodically measured. The concentration of albumin was zero until the amount of the effluent reached 1 

25 liter. When 1.6 liters of the effluent was collected, the concentration of albumin was 0.01%. Until the 
concentration of albumin in the effluent reached 0.1%, 1.8 liters of the effluent was required. Based on this 
result, the amount of albumin bonded to the polymer was calculated. It was found that 1 .6 g of albumin was 
bonded per gram of the polymer. 

30 Example 5 

The procedure of Example 4, (1) was repeated except that 2,4-tolylene diisocyanate was used instead 
of 4,4'-diphenytmethane diisocyanate. There was obtained 8.3 g of particles of a water-insoluble polymer. 
The polymer particles had an average particle diameter of about 0.5 mm and contai ned^bo ut 

35 
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solution of bovine serum albumin, and stirred at 25°C for 1 hour. The polymer was separated by filtration, 
and the amount of albumin remaining in the aqueous solution was measured. It was found that 1.24 g of 
albumin was bonded per gram of the polymer. 



Example 6 

The procedure of Example 4, (1) was repeated except that hexamethylene isothiocyanate was used 
instead of 4,4'-diphenylmethane diisocyanate. There was obtained 8.5 g of a water-insoluble polymer. 
The resulting polymer had an average particle diameter of about 0.5 mm, and contained about 5.6 
45 milliequivalents of amino groups and about 9.1 milliequivalents of hydroxy! groups per gram of the 

P ° lY A portion (1 .0 g) of the polymer was treated with a phosphate buffer in the same way as in Example 5, 
and then reacted with an aqueous solution of bovine serum albumin in the same way as in Example 5 to 
afford a polymer having 0.95 g of albumin bonded per gram of the polymer. 



Example 7 

(1) A 500 ml three-necked flask equipped with a stirrer and a thermometer was charged with 1.6 g 
(0.015 mole) of hexamethylenediamine, 0.69 g (0.0047 mole) of triethyienetetramine and 20 ml of ^stilled 
water. With stirring at 25°C, 4.68 g (0.024 mole) of glycerol diglycidyl ether was gradually added. The 

55 mixture was stirred for 30 minutes at this temperature. Then, 300 ml of a 0.6% toluene solution of iso- 
phthaloyl dichloride and 20 mg of polyoxyethylene sorbitan monopalmitate as a surfactant were added, 
and the mixture was vigorously stirred for 3 hours at 25°C. After the reaction, the resulting particulate 
polymer was collected by filtration, dipped in a 0.1 N aqueous solution of sodium hydroxide, washed 
successively with methanol and distilled water, and then dried to afford 6.9 g of a water-insoluble polymer 

bo as particles. . . . + e 0 

The polymer particles obtained has an average particle diameter of 0.5 mm, and contained about 6.2 
milliequivalents of amino groups and about 9.8 milliequivalents of hydroxy! groups per gram thereof. 

(2) A portion (1 .0 g) of the resulting polymer was treated with a phosphate buffer in the same way as in 
Example 5, and then reacted with an aqueous solution of bovine serum albumin. There was obtained a 

65 polymer having 0.82 g of albumin bonded per gram thereof. 
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Example 8 

The procedure of Example 7 was repeated except that 0.48 g {0.0047 mole) of diethylenetriamine was 
used instead of 0.69 g of triethylenetetramine, and terephthaloyl dichloride was used instead of the iso- 

phthaloyl dichloride. There was obtained 6.1 g of a water-insoluble polymer as particles. 

The polymer particles had an average particle diameter of 0.5 mm, and contained 5.8 milhequivalents 
of amino groups and 9.6 milliequivalents of hydroxyl groups per gram thereof. 

A portion (1 .0 g) of the polymer was treated with a phosphate buffer in the same way as in Example 5, 
and then reacted with an aqueous solution of a bovine serum albumin to afford a polymer having 0.80 g of 
albumin bonded thereto per gram of the polymer. 

Example 9 

(1 ) A 500 ml three-necked flask equipped with a stirrer and a thermometer was charged with 7.3 g (0.05 
mole) of triethylenetetramine, 2.47 g (0.0076 mole) of triglycidyl isocyanurate and 40 ml of distilled water 
and they were stirred at 50°C for 3 hours to afford a uniform solution. Then, 1.2 g (0.0083 mole) of sorbitol 

« polyglycidyi ether was added to the reaction mixture and reacted at 50°C for 2 hours. Then, the reaction 
mixture was cooled to 25°C, and 400 ml of a 0.6% toluene solution of 4,4'-diphenylmethane dusocyanate 
and 30 mg of polyoxyethylene sorbitol monopalmitate as a surfactant were added. The mixture was 
vigorously stirred for 1 hour. After the reaction, the resulting polymer as particles was separated by 
filtration, washed with methanol, and dried to afford 1 2.3 g of a water-insoluble polymer. 

20 The polymer particles had an average particle diameter of 0.5 mm, and contained 5.5 milliequivalents 
of amino groups and 2.0 milliequivalents of hydroxyl groups per gram thereof. 

(2) A portion (1 .0 g) of the polymer was treated with a phosphate buffer in the same way as in Example 
5, and then reacted with an aqueous solution of bovine serum albumin to afford a polymer having 0.76 g of 
albumin bonded thereto per gram of the polymer. 

25 

Example 10 

{1 ) A 300 ml three-necked separable flask equipped with-a stirrer and a thermometer was charged with 
3.2 g (0.028 mole) of hexamethylenediamine, 0.96 g (0.0094 mole) of diethylenetriamine and 40 ml of 
distilled water, and with stirring at 25°C, 9.36 g (0.046 mole) of glycerol diglycidyl ether was gradually 
30 added The mixture was stirred for 20 minutes at this temperature, and then 300 ml of a 0.6% toluene solu- 
tion of 4,4'-diphenylmethane diisocyanate and 20 mg of polyoxyethylene sorbrtan monopalmitate as a 
surfactant were added. The mixture was stirred for 1 hour at 25°C. After the reaction, the polymer particles 
were separated by filtration, well washed with methanol, and dried to afford 13.0 g of a water-insoluble 

35 P ° iy ^ e ep^ had an average particle diameter of 0.5 mm, and contained 12.0 milliequivalents 

of amino groups and 19.5 milliequivalents of hydroxyl groups per gram thereof. A 

(2) A portion (1.0 g) of the polymer was dipped in a phosphate buffer having a pH of 7.4 ; fitered, 
washed, and then dipped in 100 ml of an aqueous solution of plasma albumin in a concentration of 1 .0 g/dl. 
The solution was slowly stirred to bond albumin to the polymer. It was found that 1 g of albumin was 

40 bonded per gram of the polymer. 

(3) The albumin-bonded polymer was packed into a column having a diameter of 15 mm and a length 
of 60 mm, and 100 ml of plasma containing bilirubin in a concentration of 11.5 mg/dl was passed 
circulatingly through the column at a flow rate of 2 ml/min. for 6 hours. The total concentration of bilirubin 
in the plasma decreased to 4.5 mg/dl. 



45 



Example 11 - 
The polymer particles (1.0 g) produced by the method of Example 10, (1) was dipped in a Phosphate 
buffer having a pH of 7.4, and packed into a column. Then, 100 ml of plasma containing bilirubin ^n a total 
concentration of 1 1 .5 mg/dl was circulated through the column for 6 hours at a rate of 2 mi/mm. After circu- 
50 lation, the concentration of bilirubin in the plasma decreased to 6.5 mg/dl. 

Example 12 

(1) A 300 ml three-necked separable flask equipped with a stirrer and a thermometer was charged with 
2.9 g (0.025 mole) of hexamethylenediamine, 1.9 g (0.005 mole) of bisphenoi A diglycidyl ether and *04 g 
55 (0.02 mole) of glycerol diglycidyl ether. They were reacted in a solvent composed of 8 ml of chjoroform and 
4 ml of eye ohexane at3^Cfor 6 hours with stirring. Then, 1.0 g of triglycidyl isocyanu rate was added and 
100 ml of water containing 10 g of sodium chloride and 0.5 g of bentonite as ^J^^j^^^^ 
suspend and disperse the polymer solution. The reaction temperature was raised to 40 C, and the react on 
. was performed at this temperature for 1 hour with stirring to afford 8.5 g of a water-insoluble polymer in 

60 spherical pP^® 5 -^^^ obtained after wash ing and drying had an average particle diameter of 0.7 mm, 
and contained 5.5 milliequivalents of amino groups and 7.5 milliequivalents of hydroxyl groups per gram 

th8r 1°0 g of the polymer was dipped in a phosphate buffer having a pH of 1A and then packed i into a 
65 column. Then, 100 ml of plasma containing bilirubin in a total concentration of 10.8 mg/dl was circulated 
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through the column at a rate of 2 ml/min. for 8 hours. The total concentration of bilirubin in the plasma 
decreased to 6.7 mg/dl. 

Example 13 

5 A three-necked flask 300 ml equipped with a stirrer and a thermometer was charged with 3.2 g (0.028 

mole) of hexamethylenediamine, 0.96 g (0.0094 mole) of diethylenetriamine and 40 ml of water, and 9.36 g 
(0.046 mole) of glycerol diglycidyl ether was added with stirring. The mixture was stirred at this tempera- 
ture for 20 minutes. When the viscosity of the mixture rose, 2.0 g of benzoic acid and 160 ml of toluene 
containing 0.1 g of ethyl cellulose as a dfspersant were added. The mixture was stirred to suspend and 

10 disperse the polymer solution. Then, the temperature of the polymer solution was raised to 40°C, and the 
reaction was performed for 1 hour to afford 13.0 g of spherical particles of water-insoluble polymer. 

The insoluble polymer particles had an average particle diameter of 0.7 mm, and contained 12.3 milii- 
equivaients of amino groups and 20.0 milliequivalents of hydroxyl groups per gram thereof. 

A portion (1 .0 g) of the polymer was dipped in a phosphate buffer having a pH of 7.4, and then packed 

'5 into a column. Then, 100 ml of plasma containing bilirubin in a total concentration of 10.2 mg/dl was 
circulated through the column at a rate of 2 ml/min. for 4 hours. The concentration of total concentration of 
bilirubin in the plasma was decreased to 4.7 mg/dl. 



20 Claims 

1. An albumin-fixed resin comprising a water-insoluble resin and albumin chemically bound thereto, 
characterised in that the water-insoluble resin is a crossiinked epoxy resin which is derived from a poly- 
epoxy compound and a polyamine compound and contains 1 to 30 milliequivalents of amino groups and 1 

25 to 50 milliequivalents of hydroxyl groups per gram thereof, said albumin is bound ionicaiiy to the amino 
groups and by hydrogen bonding to the hydroxyl groups, and the amount of fixed albumin is at least 25% 
by weight based on the epoxy resin. 

2. An albumin-fixed resin according to claim 1 characterised in that said crossiinked epoxy resin 
contains 2 to 20 milliequivalents of amino groups and 2 to 35 milliequivalents of hydroxyl groups per gram 

30 thereof. 

3. An albumin-fixed resin according to claim 2 characterised in that the crossiinked epoxy resin 
contains 4 to 10 milliequivalents of amino groups and 4 to 25 milliequivalents of hydroxyl groups per gram 
thereof. 

4. An albumin-fixed resin according to claim 1, 2 or 3, characterised in that the amount of fixed albumin 
35 is 25 to 150% by weight based on the epoxy resin. 

5. An albumin-fixed resin according to any one of the preceding claims characterised in that the cross- 
linked epoxy resin is derived from an incompletely crossiinked prepolymer obtained by reacting a poly- 
epoxy compound with a polyamine compound, and at least one compound selected from organic polyiso- 
cy a nates, organic poly isothiocya nates and organic polycarboxyiic acid halides. 

40 6. A process for producing an albumin-fixed resin as claimed in claim 1, which process comprises; 

(1) (a) subjecting a polyepoxy compound containing at least two epoxy groups in the molecule and a 
polyamine compound containing at least two primary and/or secondary amino groups in the molecule to 
addition reaction in an inert medium to produce a fully crossiinked resin, or (b) subjecting said polyepoxy 
and polyamine compounds to addition reaction to produce an incompletely crossiinked pre-polymer, and 

45 then reacting the pre-polymer with at least one compound selected from organic polyisocyanates, organic 
polyisothiocyanates and organic poly polycarboxyiic acid halides to crosslink the pre-polymer fully, and 

(2) contacting the resulting crossiinked epoxy resin containing 1 to 30 milliequivalents of amino groups 
and 1 to 50 milliequivalents of hydroxy! groups per gram thereof intimately with an aqueous solution con- 
taining albumin, optionally after partially neutralizing the amino groups of the epoxy resin. 

so 7. A process according to claim 6 characterised in that a di- or tri-giycidyl ether is used as the polyepoxy 

compound. 

8. A process according to claim 7 characterised in* that at least one of a compound of the formula 

\/ o 

wherein n is a number of 2 to 10, 
60 a compound of the formula 



CH 0 ^HCH 0 OH-CH 0 CH-04-CH 0 CH--CH 0 
65 V * O 
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wherein m is a number of 2 to 10, 
glycerol diglycidyl ether, bisphenol A diglycidyl ether, hydroquinone diglycidyi ether and resorcinol 
diglycidyl ether is used as the diglycidyi ether. 

9. A process according to claim 7 characterised in that at least one of glycerol triglycidyl ether, 1,1,1- 
trimethylolpropane triglycidyl ether, phloroglucinol triglycidyl ether and triglycidyl isocyanurate is used as 
triglycidyl ether. 

10. A process according to any one of claims 6 to 9, characterised in that an aliphatic diamine, an ali- 
cyclic diamine, a heterocyclic diamine, an aromatic diamine, or a poiyalkylenepolyamine of the formula 



R 1 -NH-fCH Q CH 0 N-f-R 2 ' 
* d p 

15 wherein R 1 and R 2 are identical or different, and each represents a hydrogen atom, or an alkyl, alkenyi, 
hydroxyalkyl, aryl or aralkyl group, R 3 represents a hydrogen atom or a beta-am ino ethyl group, and p is a 
number of 2 to 10, provided that two or more R 3 groups, independently from each other, are hydrogen 
atoms or beta-aminoethyl groups is used as the polyamine compound, 

11. A process according to claim 10 characterised in that a compound of the formula 

20 

HaN-fCH^NHa 

wherein q is an integer of 2 to 10, or a compound of the formula 




30 is used as aliphatic diamine. 

12. A process according to claim 10 characterised in that a diaminocyclohexane of the formula 



35 




is used as alicyclic diamine. 

13. A process according to claim 10 characterised in that piperazine or 2,5-dimethylpiperazine is used 
40 as heterocyclic diamine. 

14. A process according to claim 10 characterised in that a diaminobenzene of the formula 



45 




or a diaminobisphenylene compound of the formula 



so 




55 

wherein X represents a bond, a methylene group, a dimethyimethyiene group, or an oxygen atom is used 
as aromatic diamine. 

15. A process according to any one of claims 6 to 14, characterised in that step (1), (a) is performed 
using 0.8 to 2.0 equivalents of the epoxy groups of the polyepoxy compound per equivalent of the primary 

so and/or secondary amino groups of the polyamine compound. 

16. A process according to any one of claims 6 to 14 characterised in that step (1), (b) is carried out 
using 0.5 to 2.0 equivalents of the epoxy groups of the polyepoxy compound per equivalent of the primary 
and/or secondary amino groups of the polyamine compound.. 

17. A process according to any one of claims 6 to 16, characterised in that the addition reaction of the 
65 polyepoxy compound and the polyamine compound is carried out by dispersing in an aqueous medium in 
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the optional presence of a dispersant solution of the polyepoxy compound and the polyamine compound 
in a water-insoluble or sparingly water-soluble inert organic solvent. 

18. A method for removing noxious substances capable of binding to albumin from a solution con- 
taining them, which method comprises contacting an albumin-fixed resin as claimed in any one of claims 1 
to 5 intimately with a solution of at least one such noxious substance to be found in the blood of a warm- 
blooded animal. 

19. A method for removing a noxious substance capable of binding to albumin from the blood of a 
warm-blooded animal, which method comprises extracorporeally drawing the blood of a warm-blooded 
animal from which it is desired to remove said noxious substance, contacting an albumin-fixed resin as 
claimed in any one of claims 1 to 5 or the cross-linked epoxy resin precursor thereof intimately with the 
blood, the plasma separated therefrom, or a dilution of the blood or plasma with a blood isotonic solution, 
and thereafter returning to the body of the animal the blood, plasma or the dilution thereof from which the 
noxious substance has been removed. 

20. A method according to claim 19 characterised in that the albumin-binding noxious substance is bili- 
rubin, and the animal is a human with hepatic failure. 

21. Use of an albumin-fixed resin as claimed in any one of claims 1 to 5 or of the cross-linked epoxy 
resin precursor thereof in the removal from the blood of a warm-blooded animal of a noxious substance 
capable of binding to albumin. 



Patentanspruche 

1. Harz mit daran fixiertem Albumin, umfassend ein wasserunldsiiches Harz und Albumin, das 
chemisch daran gebunden ist, dadurch gekennzeichnet, daS das wasserunlosliche Harz ein vernetztes 

25 Epoxyharz ist, das abgeleitet ist von einer Polyepoxyverbindung und einer Polyaminverbindung und 1 bis 
30 mAq Aminogruppen und 1 bis 50 mAq Hydroxylgruppen/g enthalt, wobei das Albumin ionisch an die 
Aminogruppen und uber Wasserstoffbindungen an die Hydoxylgruppen gebunden ist und die Menge an 
fixiertem Albumin zumindest 25 Gew.-%, bezogen auf das Epoxyharz, betragt 

2. Harz mit daran fixiertem Albumin nach Anspruch 1, dadurch gekennzeichnet, daS das vernetzte 
30 Epoxyharz 2 bis 20 mAq Aminogruppen und 2 bis 35 mAq Hydroxylgruppen/g enthalt 

3. Harz mit daran fixiertem Albumin nach Anspruch 2, dadurch gekennzeichnet, datS das vernetzte 
Epoxyharz 4 bis 10 mAq Aminogruppen and 4 bis 25 mAq Hydroxylgruppen/g enthalt 

4. Harz mit daran fixiertem Albumin nach Anspruch 1, 2 oder 3, dadurch gekennzeichnet, daS die 
Menge an fixiertem Albumin 25 bis 150 Gew.-%, bezogen auf das Epoxyharz betragt 

35 5. Harz mit daran fixiertem Albumin nach einem der vorangehenden Anspruche, dadurch gekenn- 

zeichnet, daB das vernetzte Epoxyharz abgeleitet ist von einem unvoilstandig vernetzten Prepolymer, das 
erhalten worden ist durch Umsefrung einer Polyepoxyverbindung mit einer Polyaminverbindung und 
zumindest einer Verbindung ausgewahlt aus organischen Polyisocyanaten, organischen Polyisothio- 
cyanaten und organischen Polycarbonsaurehalogeniden. 

40 6. Verfahren zur Hersteilung eines Harzes mit daran fixiertem Albumin nach Anspruch 1, umfassend: 

(1) a) Durchfuhrung einer Additionsreaktion zwischen einer Polyepoxyverbindung, enthaltend 
zumindest 2 Epoxygruppen im Molekul, und einer Polyaminverbindung, enthaltend zumindest 2 primare 
und/oder sekundSre Aminogruppen im Molekul, in einem inerten Medium unter Bildung eines vollstSndig 
vernetzten Harzes oder b) Durchfuhrung einer Additionsreaktion zwischen der Polyepoxyverbindung und 

45 der Polyaminverbindung unter Bildung eines unvoilstandig vernetzten Prepolymers und anschliefcende 
Umsetzung des Prepolymers mit zumindest einer Verbindung ausgewahlt aus organischen Polyiso- 
cyanaten, organischen Polyisothiocyanaten und organischen Polycarbonsaurehalogeniden, urn das Pre- 
polymer volistandig zu vernetzen, und 



(2) Zusammenbringen des erhaltenen vernetzten Epoxyharzes, enthaltend 1 bis 30 mAq Amino- 



50 gruppen und 1 bis 50 mAq Hydroxylgruppen/g mit einer wassrigen Losung, enthaltend Albumin, 
gegebenenfalls nach teilweiser Neutraiisierung der Aminogruppen des Epoxyharzes. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet daS ein Di- oder Tri-giycidylether als Poly- 
epoxyverbindung verwendet wird. 

8. Verfahren nach Anspruch 7 f dadurch gekennzeichnet, daS mindestens eine Verbindung der Formel 



20 
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so in der n eine Zahl von 2 bis 10 ist, eine Verbindung der Formel 
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in der m erne Zahl von 2 bis 10 tst, Glycerin-diglycidylether, Bisphenol-A-diglycidylether, Hydrochinon- 
dfglycidyiether Oder Resorcin-digiycidylether ais Diglycidylether verwendet wird. 

9. Verfahren nach Anspruch 7, dadurch gekennzeichnet, cfaS mindestens eine Verbindung (ausgewahlt 
aus) Glycerin-triglycidylether, 1,1,1-Trimethylolpropantriglycidylether, Phloroglucin-triglycidylether und 
Triglycidyl-isocyanurat als Triglycidylether verwendet wird. 

10. Verfahren nach einem der AnsprGche 6 bis 9, dadurch gekennzeichnet, daS ein aiiphatisches 
Diamin, ein alicyclisches Diamin, ein heterocyclisches Diamin, ein aromatisches Diamin oder ein Poly- 
allcylenpolyamin der Formel 

R 3 

i" i 2 

R -NH-f-CH^CHgN-^-R 

in der R 1 und R 2 gleich oder verschieden sind und jeweils ein Wasserstoffatom Oder eine AlkyI-, Alkenyl-, 
Hydroxyalkyl-, Aryl- oder Aralkylgruppe bedeuten, R 3 ein Wasserstoffatom oder eine 0-Aminoethylgruppe 
ist und p eine Zahl von 2 bis 10 bedeutet, mit der Mafigabe, daS zwei oder mehrere Gruppen R 3 unabhangig 
voneinander Wasserstoffatome oder 0-Aminoethylgruppen sind, als Po (yam in verbindung verwendet wird. 
11- Verfahren nach Anspruch 10, dadurch gekennzeichnet, dafc eine Verbindung der Formel 

HaN-fCHaVNHa 

in der q eine ganze Zahi von 2 bis 10 bedeutet, oder eine Verbindung der Formel 




als aliphatisches Diamin verwendet wird. 

12. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dafi ein Diamino-cyclohexan der Formel 




als alicyclisches Diamin verwendet wird. 

13. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dafc Piperazin oder 2,5-Dimethylpiperazin 
als heterocyclisches Diamin verwendet wird. 

T4. Verfahren nach Anspruch 10, dadurch gekennzeichnet dafi ein Diaminobenzol der Formel 




oder eine Diaminobisphenylenverbindung der Formel 




in der X eine Bindung, eine Methylengruppe,. eine Dim ethyl methylengruppe oder ein Sauerstoffatom be- 
deutet, als aromatisches Diamin verwendet wird. 

15. Verfahren nach einem der Anspruche 6 bis 14, dadurch gekennzeichnet, da& die Stufe (1) a) 
durchgefuhrt wird unter Verwendung von 0,8 bis 2,0 Aq Epoxygruppen der Polyepoxyverbindung/Aq 
prim a re und/oder sekundare Aminogruppen der Polyaminverbindung. 

16. Verfahren nach einem der Anspruche 6 bis_14, dadurch gekennzeichnet, dafi die Stufe(l) b) 
durchgefuhrt wird unter Verwendung von 0,5 bis 2,0 Aq Epoxygruppen der Polyepoxyverbindung/Aq der 
primaren und/oder sekundaren Aminogruppen der Polyaminverbindung. 

17. Verfahren nach einem der Anspruche 6 bis 16, dadurch gekennzeichnet, dafi die Additionsreaktion 
zwischen der Polyepoxyverbindung und der Polyaminverbindung durchgefuhrt wird durch Dispergieren 
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einer Losung der Polyepoxyverbindung und der Polyaminverbindung in einem wasserunldslichen oder 
schwach wasserldslichen inerten organischen LSsungsmittel in einem wSssrigen Medium, gegebenenfalis 
in Gegenwart eines Dispergiermitteis. 

18. Verfahren zur Entfernung von schidlichen Substanzen, die imstande sind, Albumin in einer dieses 
enthaitenden Losung zu binden, umfassend das Zusammenbringen eines Harzes mit daran fixiertem 
Albumin nach einem der Anspruche 1 bis 5 mit einer Losung zumindest einer solchen schadlichen Sub- 
stanz, die sich im Biut von Warmblutem findet 

19. Verfahren zur Entfernung einer schadlichen Substanz, die imstande ist, Albumin aus dem Blut von 
Warmblutern zu binden, umfassend das Durchleiten des Blutes eines Warmbluters, aus dem die schadliche 
Substanz entfernt werden soil, durch einen extrakorporalen Kreislauf, Zusammenbringen des Harzes mit 
daran fixiertem Albumin nach einem der Anspruche 1 bis 5 oder des vernetzten Epoxyharzvoriaufers davon 
mit dem Blut, dem davon abgetrennten Plasma oder einer Verdunnung des Blutes oder Plasmas mit einer 
dem Blut isotonrschen Losung und anschlieSende Zuruckfuhrung des tiertschen Blutes, Plasmas oder der 
Verdflnnung davon, aus dem (der) die schadlichen Substanzen entfernt worden sind, in den Korper. 

20. Verfahren nach 19, dadurch gekennzeichnet, dali die Albumin bindende schadliche Substanz Bili- 
rubin und das Tier {Lebewesenl ein Mensch mit Leberschaden ist 

21. Verwendung eines Harzes mit daran fixiertem Albumin nach einem der Anspruche 1 bis 5 oder des 
vernetzten Epoxyharzvoriaufers davon zur Entfernung einer schadlichen Substanz, die imstande ist, das 
Albumin zu binden aus dem Biut eines Warmbluters. 



Revendications 

1. Line resine comportant de I'albumine fixee comprenant une resine insoluble dans I'eau et de 
I'albumine chimiquement liee a elle, caracterisee en ce que la resine insoluble dans I'eau est une resine 
epoxy reticulee qui provient d'un compose polyepoxy et d'un compose polyamine et contient 1 a 30. milii- 
equivalents de groupes amino et 1 a 50 miliiequivalents de groupe hydroxyles par gamme de ceile-ci, ia 
dite aibumine est liee ioniquement aux groupes amino et par liaison hydrogene aux groupes hydroxyle et 
la quantite d'albumine fixee est d'au moins 25% en poids par rapport a la resine epoxy. 

2. Une resine comportant de I'albumine fixee selon la revendication 1, caracterisee en ce que la dite 
resine epoxy reticulee contient 2 a 20 miliiequivalents de groupes amino et 2 a 35 miliiequivalents de 
groupes hydroxyle par gramme de celle-ci. 

3. Une resine comportant de I'albumine fixee selon la revendication 2, caracterisee en ce que la resine 
epoxy reticulee contient 4 a 10 miliiequivalents de groupes amino et 4 a 25 miliiequivalents de groupes 
hydroxyle par gramme de celle-ci. 

4. Une resine comportant de I'albumine fixee selon la revendication 1, 2 ou 3, caracterisee en ce que ia 
quantite d'albumine fixee est de 25 a 150% en poids par rapport a fa resine epoxy. 

5. Une resine comportant de I'albumine fixee selon i'une quelconque des revendications precedentes, 
caracterisee en ce que ia resine epoxy reticulee provient d'un pre-polymere incompl&ement reticule 
obtenu par reaction d'un compose polyepoxy avec un compose polyamine, et d'au moins un compose 
choisi parmi des polyisocyanates organiques, des polyisothiocya nates organiques et des halogenures 
d'acides polycarboxyliques organiques. 

6. Procede de preparation d'une resine comportant de I'albumine fixee telle que revendiquee dans la 
revendication 1, qui consiste; 

(1) (a) a soumettre un compose polyepoxy contenant au moins deux groupes epoxy dans la molecule 
et un compose polyamine contenant au moins deux groupes amino primaires et/ou secondares dans la 
molecule a une reaction d'addition dans un milieu inerte pour produire une resine totalement reticulee, ou 
(b) a soumettre lesdits composes polyepoxy et polyamine a une reaction d'addition pour produire un pre- 
polymere incompletement reticule, puis a faire reagir le pre-polymere avec au moins un compose choisi 
parmi des polyisocyanates organiques, des polyisothiocya nates organiques et des halogenures d'acides 
polycarboxyliques organiques af in de reticuler totalement ie pre-polymere, et 

(2) a mettre intimement en contact la resine epoxy reticulee resuitante contenant 1 a 30 milii- 
equivalents de groupes amino et 1 a 50 miliiequivalents de groupes hydroxyle par gramme de ceile-ci, avec 
une solution aqueuse contenant de I'albumine, eventuellement apres neutralisation partielle des groupes 
amino de la resine epoxy. 

7. Procede selon la revendication 6, caracterise en ce que I'on utilise un ether di- ou tri-glycidyhque a 
titre de compose polyepoxy. 

8. Procede selon la revendication 7, caracterise en ce qu'au moins un parmi un compose de formule: 




dans laquelie n est un nombre de 2 a 10, 
un compose de formule 
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^ dans laquelle m est un nombre de 2 a 10, 

I'ether diglycidylique du glycerol, !'6ther diglycidylique du bisphSnol A, I'ether diglycidylique de I'hydro- 
quinone et I'ether diglycidylique du resorcinol, est utilise comme ether diglycidylique. 

9. Proc£d6 selon la revendication 7, caracte>is6 en ce qu'au moins un parmi l'6ther triglycidylique du 
glycerol, I'ether triglycidylique du 1,1,1-trimethylolpropane, I'ether triglycidylique du phloroglucinol et 

>o I'isocyanurate de triglycidyle, est utilise a titre d'ether triglycidylique. 

10. Proc6d6 selon I'une quelconque des revendications 6 a 9, caracterise en ce qu'une diamine ali- 
phatique, une diamine alicyclique r une diamine hete>ocyclique, une diamine aromatique, ou une poly- 
alkylenepolyamine de formule 

15 R 3 

T 2 

R -NH-(-CH 0 CH 0 N-)-R z 
2 2 p 

20 dans laquelle R 1 et R 2 sont identiques ou differents, et chacun represente un atome d'hydrogene ou un 
groupe alkyle, alc§nyle, hydroxyalkyle r aryle ou aralkyle; R 3 represente un atome d'hydrogene ou un 
groupe beta-am inoethyle, et p est un nombre de 2 a 10, pourvu que 2 ou plus des groupes R 3 independam- 
ment Tun de I'autre, soient des atomes d'hydrogene ou des groupes b eta -a rn inoethyle, est utilisee comme 
compose polyamine. 

25 11. Procede selon la revendication 10, caracterise^ en ce qu'un compost de formule 



H 2 N-4CH 2 VNH a 

dans laquelle q est un entier de 2 a 10, ou 
30 un compose de formule 



35 

est utilise comme diamine aliphatique. 

12. Precede selon la revendication 10, caracterise en ce que un diaminocyclohexane de formule 



40 




45 est utilise comme diamine alicycltque. 

13. Proced6 selon la revendication 10, caracterise en ce que la piperazine ou la 2,5-dim6thylpiperazine 
est utilisee comme diamine heterocyclique. 

14. Procedi selon fa revendication 10, caracterise* en ce qu'un diaminobenzene de formule 



so 




55 ou un compose de diaminobisphenylene de formule 



60 




dans laquelle X represente une liaison, un groupe methylene, un groupe dimethyim ethylene ou un 
65 atome d'oxygene est utilise* comme diamine aromatique. 



CH 2 NH 2 
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15. Proc6d6 selon Tune quelconque des revendications 6 a 14, caracterise en ce que i'etape (1), <a) se 
de>oule en utilisant 0,8 a 2,0 equivalents de groupes epoxy du compose polyepoxy par equivalent des 
groupes amino primaires et/ou secondaires du compose polyamine. 

16. Precede selon I'une quelconque des revendications 6 a 14, caracterise en ce que I'etape (1), (b) 
s'effectue en utiiisant 0,5 a 2,0 equivalents de groupes epoxy du compose polyepoxy par equivalent des 
groupes amino primaires et/ou secondaires du compose polyamine, 

17. Precede selon I'une quelconque des revendications 6 a 16, caracterise en ce que fa reaction d'addi- 
tion du compost polyepoxy et du compost polyamine s'effectue en dispersant, dans un milieu aqueux en 
presence eventuelle d'un agent de dispersion, une solution du compose polyepoxy et du compose poly- 
amine dans un solvant organique* inerte insoluble dans I'eau ou faiblement soluble dans i'eau. 

18. Proc6de pour retirerdes substances nocives capables de se Her a I'albumine d'une solution les 
contenant, qui consiste a mettre intimement en contact une resine comportant de i'albumine fixee, telle 
que revendiquee dans I'une quelconque des revendications 1 a 5, avec une solution d'au moins une telle 
substance nocive qui doit §tre trouvee dans le sang d'un animal a sang chaud. 

19. Procede pour retirer une substance nocive capable de se lier a I'albumine du sang d'un animal a 
sang chaud, qui consiste a retirer extracorporellement ie sang d'un animal a sang chaud dont ou souhaite 
retirer la dite substance nocive, a mettre intimement en contact une resine comportant de I'albumine fixee 
telle que revendiquee dans I'une quelconque des revendications 1 a 5, ou son precurseur de resine epoxy 
reticulee, avec le sang, le plasma separe de celui-ci, ou une dilution du sang ou du plasma avec une solu- 
tion isotonique sanguine, et ensuite a renvoyer vers le corps de I'animai le sang, le plasma, ou la dilution de 
ceux-ci dont on a eliminS la substance nocive. 

20. Procede selon la revendication 19, caracterisee en ce que la substance nocive se liant a I'albumine 
est la bilirubine, et que I'animai est un etre humain souffrant d'insuffisance hepatique.' 

21. Utilisation d'une resine comportant de I'albumine fixee telle que revendiquee dans I'une quel- 
conque des revendications 1 a 5, ou de son precurseur de resine epoxy reticulee, pour retirer du sang d'un 
animal a sang chaud une substance nocive capable de se lier a I'afbumme. 
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